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Introduction 

The gas ethylene has many effects on animals and plants similar 
to those produced by ether, but differing also in many respects. 
It has been known for over a century and its anaesthetic and toxic 
properties have been understood for fifty years, but only within the 
last decade has it come into such prominence as ether has enjoyed 
for much longer. In this period it has found extensive employment 
commercially for the hastening of fruit ripening, both real and 
apparent. As is often the case with rapid development of a new aid 
to industry, however, practical application has outrun cautious in- 
vestigation, and the literature mostly contains only qualitative ex- 
periments on the effects of ethylene on fruit ripening. Nothing is 
known of the way in which this stimulation of the ripening process 
is made effective, nor of the range within which it may be attained. 
Since the ripening of fruit is largely a process of enzymatic transfor- 
mations, it was thought that an investigation of the effect of ethy- 
lene on the activity of the enzymes in the fruit might throw light 
on the mechanism of the stimulative effect. Earlier work on the 
ripening of tomatoes with ethylene, reported to the West Virginia 
Academy of Science in 1928, showed striking relations between 

enzyme activity and the ethylene treatment. 
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Since bananas had been widely advertised as showing marked 
response to ethylene in ripening, an investigation was begun of the 
effect of this gas on the enzymes in this fruit. To the writer’s sur- 
prise, preliminary work showed that it was not possible to obtain 
appreciable differences consistently between treated and untreated 
lots. This raised the question as to the validity of the widely ac- 
cepted fact of accelerating the ripening of bananas with ethylene, 
and accordingly the investigation was changed to a quantitative 
study of the chemical changes in the banana during ripening with 
and without ethylene. 

The use of ethylene for ripening fruits had its inception in the 
discovery by DENNY (7) that the effective agent in the coloration of 
lemons by the fumes from oil stoves was the ethylene content of 
those fumes. Shortly after this HARVEY (12) announced that celery 
could be blanched profitably by the use of ethylene, and later in the 
same year Rosa (29) reported on the acceleration of ripening of 
tomatoes by ethylene, the first case of its use for fruit ripening. 
HARVEY (13) also reported that green bananas could be ripened to 
yellow in not more than 48 hours, by introducing one part of ethyl- 
ene for every 1000 parts of air in the ripening rooms, and this at 
18° C. Besides the advantage of reducing the storage time to half, 
the new process was said to save loss in weight through the shorter 
holding time, and loss from decay because of the lower holding tem- 
perature. Since the first report, HARVEY (14, 15) has published a 
number of popular articles on the ripening effect of ethylene on 
bananas and other fruits which are shipped in the green condition; 
but no chemical analyses seem to have been made by him in sup- 
port of the observations on the apparent acceleration of ripening in 
these fruits. 

A few others have tried the effect of ethylene on bananas. CHASE 
and CHURCH (5) made analyses of fruits ripened with and without 
ethylene, and reported no effect (except color) for citrus fruits and 
dates, while persimmons showed definite acceleration of ripening. 
The two experiments on bananas were so unsatisfactory with regard 
to the conditions under which they were carried out that no analyses 
were made of them. H1BBArD (16) has recently reported on a few 
experiments with bananas, and a single set of analyses is given. The 
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unsatisfactory nature of these analyses and of the conclusions drawn 
from them will be pointed out later. 

There exists, then, only one published set of analyses of bananas 
ripened with ethylene, and these are open to question. The normal 
ripening process, however, has been analyzed repeatedly during the 
last three-quarters of a century, beginning with the work of BUIGNET 
(4) in 1861. The more important of these references prior to 1914 
are listed by GorE (10), and will be given here only when they are 
pertinent. The analyses of GorE were by far the most thorough 
which had been made up to that time, and were made, as he states, 
“because an accurate account of the chemical changes for use in 
exact bio-chemical studies was .... lacking.” Unfortunately an 
error in method invalidates the results of his labors so far as sucrose 
and reducing sugars are concerned; and, like the majority of his 
predecessors, he failed to give the variety of banana with which he 
worked. 

The best series of analyses available today is that of BouRDOUIL 
(3) for the Cavendish banana. THompson (33) has given a few 
analyses for this variety also, while Myers and Rose (21) have pub- 
lished a set of analyses for the Gros Michel variety. This last set is 
open to considerable question, as will be shown later. 


Materials and methods 

SOURCE OF FRUIT.—In the present investigation only the Gros 
Michel variety, the ordinary banana of commerce in the eastern 
United States, was used. Through the kind cooperation of the Unit- 
ed Fruit Company, one bunch of green bananas was supplied each 
week for 8 weeks for this work, and grateful acknowledgment is 
made to this company, and to Mr. J. H. LEATHERS, the manager of 
the Chicago office of its distributing subsidiary, the Fruit Dispatch, 
for courtesies extended. Directions were given to the foreman of the 


banana rooms to select as green a bunch as possible each Monday 
and send it to the laboratory. Unfortunately it was not learned at 
first that on Monday there were available only bananas which had 
been held since Saturday in the cold storage rooms, of which the 
greenest was delivered weekly for series D to H. Later, series I, K, 
and L were run on bananas delivered from new shipments as they 
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were received in Chicago on Tuesday, and were thus somewhat 
greener than the previous lots. Series M was carried out in the com- 
mercial ripening rooms of the Great Atlantic and Pacific Tea Com- 
pany, and I am indebted to the manager of their warehouses in 
Chicago, and to the foreman of the banana rooms, for making possi- 
ble this trial of commercial conditions, as a check on laboratory ex- 
periments. 

METHOD OF SAMPLING.—In series D to I, hands of bananas were 
cut from the bunch as soon as it was received, and each hand was 
divided in halves, one for treatment and one for control. The hands 
of the bunch were numbered in Roman numerals from the top of the 
bunch downward, and the fingers of each hand were numbered in 
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Fic. 1..—Diagram of cross-section through hand of bananas, showing scheme of 
numbering fingers in half hands. 
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Arabic numerals from the outside toward the center (fig. 1). A sam- 
pling scheme was devised which seemed to eliminate variation due 
to the position in the hand and of the hand on the bunch in the 
samples for analysis. The bunches were of seven or eight hands, and 
hands II to VII were always used for analysis. Thus each sample 
consisted of six bananas, as nearly comparable as seemed possible 
to the bananas of the corresponding sample and to the other samples 
of the series. The method of sampling was to take on the first day 
bananas I]-1, III-2, IV-3, V-4, VI-5, and VII-6, on the second day 
II-6, I1I-1, [V-2, V-3, VI-4, and VII-s, etc. 

METHOD OF RIPENING.—The two sets of half hands were placed in 
two large galvanized iron containers of 1oo-liter capacity, each pro- 
vided with a water seal around the cover and gas cocks at the top 
and bottom of opposite sides. The bananas were supported on racks 
of galvanized wire mesh within the cans, so that they were evenly 
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distributed through the volume of the containers. To one can was 
introduced an amount of ethylene sufficient to give the desired con- 
centration within the can, using a mercury gas burette. This amount 
was 100 ml., giving a 1:1000 concentration, in series D, E, F, G, 
and I: and 10 ml., or 1:10,000, in series H. The other can served 
in all cases as a check. 

In series K and L it was desired to use higher concentrations of 
the gas, and for these series cans of 25-liter capacity were used, as 
well as the larger ones. Since more than two conditions with respect 
to ethylene concentration were desired simultaneously in these series, 
it was necessary to vary the method of sampling a little. In these 
series, therefore, the control can received as before all of one set of 
half hands. The corresponding treated half hands were paired II- 
VI, II-VI, and IV-V, so as to neutralize so far as possible the in- 
fluence of stem position on the rate of ripening (really the influence 
of the age of the hand); and the same finger was taken from all the 
half hands for each set of samples. Furthermore, the fingers of the 
control half hands were analyzed in corresponding pairs, instead of 
all together. Thus the samples for analysis are more comparable for 
the treated and control of any treatment on a given date than are the 
samples from the various treatments; but all samples on a given 
date are closely comparable. 

The samples for series M were taken as for series D to I, but the 
half hands were hung in different ripening rooms, each of about 500 
bunches’ capacity and filled with bananas. One of these rooms had 
ethylene released in it each evening for 3 days, in quantity sufficient 
to give about 1: 1000 concentration. This treatment was carried out 
by the engineers in charge of the ripening rooms in their regularly 
accustomed manner. 

The temperature in series D-F and H-L was maintained constant- 
ly at 22°C.+0.5°, these series being run in a basement room with 
electric heaters thermostatically controlled. A thermograph checked 


the temperature regulation. Series G was run at a temperature vary- 
ing between 17° and 20°C., and series M at 18°-19°C. 


Aeration of the cans was accomplished every 12 hours during the 
more active period of ripening, an electric fan assisting the complete- 
ness of this operation. Analyses of the air in the cans showed that 
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the content of CO, never reached more than 10 per cent at any time, 
thus assuring that a plentiful supply of O, for normal ripening was 
always present. In the earlier series of experiments the CO, analyses 
were made only for the purpose of ascertaining whether the O, con- 
tent was sufficient, but in series H to L the bananas were weighed 
regularly and respiratory activity determined also. Humidity within 
the ripening cans exceeded 95 per cent R.H., as indicated by numer- 
ous hygrograph records. Maximum-minimum thermometers laid 
among the bananas inside the cans showed that even during the 
most active period of ripening there was never a rise of temperature 
within the cans greater than 1°C. 

METHOD OF ANALYSIS.—The samples for analysis were weighed, 
carefully peeled, and the weight of peel and pulp determined sepa- 
rately. The pulp was at once passed through a fine food chopper if 
it was green, or a vegetable ricer if it was ripe, and then rubbed up 
quickly in a mortar. Portions of 10-15 gm. were then dished out in 
duplicate into tared Erlenmeyer flasks of 125 ml. capacity, stoppered 
with tared corks, and these were at once weighed. Then o.5 gm. of 
CaCO, was added to each flask and 50 ml. of boiling 95 per cent 
alcohol was poured in. After rapid mixing of the contents, the flasks 
were put on a hot plate and the contents boiled for 5 minutes. The 
whole procedure was so standardized that, except in part of one 
series, as explained later, the time from peeling the banana to pour- 
ing on the boiling alcohol took almost exactly 10 minutes. The flasks 
were cooled and stoppered, and put away in the dark until ready for 
the analysis. 

The analysis was made for three constituents only: reducing su- 
gars, total sugars (from which sucrose was calculated), and starch. 
The preserved samples were filtered off with suction, the liquid being 
carefully decanted from the solid matter in the flask. The residue 
was then treated with four successive portions of hot 80 per cent al- 
cohol, and after the fourth decantation the solid matter was pressed 
onto the filter. Qualitative tests showed that the filtrate from this 
fourth washing was free from sugars. The alcohol on the samples 
was boiled gently between each two washings, to increase the cer- 
tainty of the extraction of all sugars. The combined filtrates were 
freed from alcohol in the usual manner on the steam bath, made up 
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to volume, and filtered. Aliquots were taken for direct determina- 
tion of reducing sugars and for acid hydrolysis to determine non- 
reducing sugars. For this latter operation, 1 ml. of concentrated 
HCl was added to 1o ml. of the original solution, and the mixture 
was put at 25°C. for 24-48 hours. It was then almost neutralized to 
litmus, made up to volume, and aliquots taken for reducing power. 
Non-reducing sugars were calculated by difference in the usual way 
and expressed as sucrose. All determinations of reducing power were 
made by the Bertrand modification of the Munson-Walker method. 
The residue after extraction of the sugars was dried to remove all 
alcohol and transferred to a 500 ml. Kjeldahl flask. To this, 200 ml. 
of water and 12.5 ml. of concentrated HCl were added and the mix- 
ture heated on the steam bath under a reflux condenser for 3-5 
hours, depending on the ripeness of the sample. It was then cooled, 
nearly neutralized to litmus, made up to volume, and filtered. Ali- 
quots were taken for reducing power, as glucose, and the results cal- 
culated as starch. Preliminary studies, in which the action of saliva, 
Taka-diastase, 0.5 per cent and 2.0 per cent HCl were compared, 
showed that the 2 per cent HCl gave the same yields as the two en- 
zyme procedures, whereas the 0.5 per cent HCI gave lower yields. 
Since the acid hydrolysis was much the simpler and more uniform 
method, it was adopted as accurate. 


Moisture content was determined at each sampling on a sample 
taken simultaneously with the samples for carbohydrate analysis. 


These moisture samples were weighed, put in a drying oven at 105°C. 
for 30 minutes to stop enzyme action, and finally dried for 20 hours 
ina vacuum oven at 70°C. 

All results have been recalculated to the basis of the origina! fresh 
weight of the banana pulp, since that mode of expression has been 
employed consistently by nearly all previous investigators. 


Experimental results 
CoLoR CHANGES.—The most obvious change during the ripening 
of bananas is the change in color from green to yellow, and finally to 
brown in the overripe fruit. Table I gives briefly the salient observa- 
tions on the rate of color change with and without ethylene. In no 
case did the control bananas lose a remnant of green persisting at the 
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distal end of the fruit before the close of the experiment, whereas 
this had long before disappeared from the treated fruits. Indeed, 
this persistent green tip in the controls was the most striking feature 
of the difference in color. The treated fruits attained a true yellow 
all over the peel some 12-24 hours before traces of green elsewhere 
than at the tips had ceased to be visible on the controls. But the 
difference in degree of color was small in all cases except in series L, 
where the controls were still green all over, and oozing latex when 
cut, at the end of 72 hours. In all other series it was possible for 


disinterested observers to distinguish treated from untreated samples 
at the end of 48 hours, but the difference was never very striking nor 


TABLE I 


| Hours UNTIL GREEN Is GONE || Hours UNTIL BODY OF FRUIT 
FROM TIP OF FRUIT IS BRIGHT YELLOW 
SERIES COLOR AT START oe ee coils 
| | 
Control | Ethylene Control | Ethylene 

| 
| Light green 100 60 | 84 72 
.| Light green 120 60 | 96 72 
.| Brownish green 120 72 120 06 
Light green 190 60 72 | 60 
| Dark green 168 | 72 120 120 
| Dark green 168 | 84 120 96 
| Dark green 168 84 || 168 120 


of large degree. It was noticed that treated bananas always lost the 


green and developed the yellow rather uniformly over the whole 
body of the fruit, whereas the controls yellowed first in the middle 
and then increased in yellow toward the tips. Series G was run with 


bananas which were a brownish-green at the start and were only a 
dirty yellow at ripeness. It seems probable that they had been chilled 
in shipment, from the symptoms observed. 


CARBOHYDRATE CHANGES.—The data from analyses divide natu- 


rally into three groups, according to the ethylene treatment given 
and the temperature used: those for 1: 1000 ethylene at 22°C., those 
for the same concentration but at 18°C., and those for various con- 
centrations at 22°C. All analyses were made on duplicate samples, 
and the average of these two is the value given in all cases. Tables II 


and IV give the analyses for total sugars and for starch at various 
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stages of ripeness with air alone and with 1: 1000 of ethylene in the 
air at 22°C. Four separate series of analyses are involved, in three 
of which the bananas were no longer fully green at the start, whereas 
in the remaining one they were as green as it is possible to receive 
them in Chicago. In series D, however, both lots received ethylene 
TABLE II 
TOTAL SUGARS AS PERCENTAGE FRESH PULP WEIGHT AT 22°C. 
WITH I: 1000 CONCENTRATION OF ETHYLENE 


HOwuRS AFTER START OF EXPERIMENT 


SERIE TREATMENT | — —— 
° 24 18 72 96 120 
D K.. 4.75 II .00 15.80 18.go 20.80 
E. 5.05 10.00 14.40 18.00 20.60 
| ( 4.20 9.62 BS .2¢ 18.55 
I 4.44 10.75 16.55 19.15 
| Rass 4.90 I1.20 10.40 18.go0 20.35 21.05 
E. 5.40 12.20 17.30 19.50 21.30 21.80 
I ( 0.92 $74 9.50 16.80 34.95 21.50 
I 0.96 4.15 10.00 16.55 21.15 21.10 


TABLE III 
TOTAL SUGARS AS PERCENTAGE FRESH PULP WEIGHT AT 18°—20°C. 
WITH 1: 1000 CONCENTRATION OF ETHYLENE 


HOwURS AFTER START OF EXPERIMENT 


SERIES TREATMENT a TAG — ee Ree 
45 72 gO 120 
G ee 4.08 9.17 14.05 18.40 18.80 20.35 
I ‘ > ) 
I 4.38 9.54 14.55 18.85 19.40 20.55 
M Re 1.00 S30" | 6.90 10.20 14.00 17.40 
: ee ©.90 4.60 8.40 12.20 16.10 19.40 


through the experiment. Figs. 2 and 3 show graphically the analyses 
for all carbohydrates in both treated and untreated lots of series F 
and I. It will be observed that the various series, although showing 
slightly different rates of ripening, are rather uniform in showing the 
ethylene-treated bananas slightly more advanced in ripening (more 
sugars and less starch) than the controls. In series I, however, this 
difference is reversed. It is worthy of mention that, in every other 
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series than this one, the right half of the hand was always taken for lowe 
the control, but in this series the left half was made the control. The sma 
small differences found consistently between treated and control they 
halves seem, in view of the results in series D and I, to be due to in- diff 
(F) 
4, Carbohydrate Content of Bananas 


“Ripened with and without Ethylene at 22°C. 


————— wilheat Eth ylene 


— with Ethylene 
(I: 1000) 
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;. 2..—Ripening curves for bananas, series F 





herent differences rather than to any treatment. In any case, the dif- 
ference between control and treated fruit never even approximates 
that between determinations on successive days. 

Tables III and V show that at 18°C. the same results are obtained 
as at 22°C., although the ripening process is somewhat slower at the 
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lower temperature. The analytical differences, therefore, are even 
smaller than the color differences observed, with the possibility that 
they are slightly but consistently in favor of ethylene. There is no 


difference in the ultimate sugar content of the ripe fruit. 
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Fic. 3.—Ripening curves for bananas, series I 


The results of six rather elaborate series of experiments with dif- 
ferent concentrations of ethylene are presented in tables VI and VII. 
The analyses of series K show no difference between treatment with 
1:250 and with 1: 500 of ethylene, and the two series seem compara- 
ble with series I at 1: 1000 and series H at 1:10,000 ethylene. The 
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difference between control and treated is the same in degree for 
1:10,000 and for 1: 250 parts of ethylene in the air, and the rate of 
ripening is the same in each case. Series L analyses show further 
that even 1:100 of ethylene has no different effect, either in kind 
or degree, from that of the other concentrations used. The differ- 


TABLE IV 
TOTAL STARCH AS PERCENTAGE FRESH PULP WEIGHT AT 22°C. 


WITH I: 1000 CONCENTRATION OF ETHYLENE 


Hours AFTER START OF EXPERIMENT 
SERIES | TREATMENT |— a P 





j 
18 | 72 96 120 
| 
















| 














TABLE V 
TOTAL STARCH AS PERCENTAGE FRESH PULP WEIGHT AT 18°—20°C 
WITH 1: 1000 CONCENTRATION OF ETHYLENE 







| | Hours AFTER START OF EXPERIMENT 
SERIES | TREATMENT |——— — — 

















| 
| 
| 
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ence between control and treated, however, is very great in all con- 
centrations used in these series (fig. 4). Evidently this difference is 
due to some peculiar condition within the fruits of this lot, which did 
not obtain in any other series studied. 

Although the controls of series L were greatly retarded, the ethyl- 
ene-treated bananas ripened at the same rate in these series as in 
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TABLE VI 


Hours AFTER START OF 


18 72 96 


00; 19 
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all other lots with or without ethylene. Figs. 5 and 6 show that all 
the curves for sugars and starch can be superimposed rather well, 
although the point of ripening at which analyses were begun varies 
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Fic. 4.—Ripening curves for bananas showing dormant stage, series LX 







considerably. Indeed, this superposition makes it possible to assign 
a rather definite point in the ripening process as the stage of ripeness 
at which fruit was received, the curves for starch, reducing sugars, 
and total sugars being all in agreement as to the location of this 
point. These results emphasize the fact that in no case has ethylene 
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caused fruit to ripen faster than the normal, but has only caused ab- 
normal fruit to ripen normally. 

Table VIII gives the results of determinations of respiratory ac- 
tivity of bananas ripening in various concentrations of ethylene, 
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Fic. 5.—Sugars in ripening bananas of several series, curves superimposed 

from 1:100 to 1:10,000. The differences between rates of respiration 

with and without ethylene are too small in degree to be significant, 

except in the abnormal series L, where the same difference is found 

as in the ripening rate. There appears to be some suggestion that 

the respiratory rate increases slightly with increase in the ethylene 
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concentration; but fig. 7 indicates that the apparent correlation may 

more probably be made with the difference in rate of starch hydrol- 

ysis in the three lots of this series. It should be emphasized that in 

these graphs the points on the curves for starch and sugar do not 
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Fic. 6.—Starch in ripening bananas of several series, curves superimposed 








represent the content of these substances, but the amount of change 
in their content during the time interval since the last previous point 
plotted. 

Table IX contains the data on the coefficient of ripeness of the 
bananas at the time of analysis. The zero points of ripening have 
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been adjusted in this table in accordance with figs. 5 and 6, so that 
coefficients shown in different series are for the same stage of ripeness 
at the same time. The ripe bananas in series L have hardly any 
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Fic. 7.—Respiratory activity versus starch and total sugar changes in ripening 
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higher coefficient of ripeness than the green fruit of series K. It is 
evident from this table that only a negative correlation can be drawn 
between the value of the coefficient and the degree of ripeness of the 
banana. Within any given series the coefficient increases steadily in 


























354 BOTANICAL GAZETTE [DECEMBER 
value as ripening progresses, but the rate of increase is hardly the 
same in any two of the series. 


TABLE VIII 


RATE OF RESPIRATION AT 22°C. WITH VARIOUS CONCENTRATIONS ( 


F ETHYLENE 


MILLIGRAMS CO, PER KG-HR. DURING INTERVAL IN 
HOURS AFTER STARTING 
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Discussion 

CoLOR CHANGES.—HARVEY (14) has asserted that with 1: 1000 
ethylene the greenest bananas can be ripened to yellow in 42-48 
hours at 18°C., and has published a color plate showing the control 
still nearly green, with only a trace of yellow, while the treated 
banana is so yellow-ripe that the peel is breaking. For fruits which 
are not fully green when treatment starts, a still shorter time is 
stated to be required for the same result. Even allowing for the 
fact that ‘‘ripe’”’ to the jobber means only “yellow enough to sell,”’ 
it has been impossible to confirm these statements in the repeated 
experiments here reported. Table I shows that even with bananas 
no longer fully green, at least 60 hours were required; and in all other 
cases 72 hours was the minimum time for the development of a full 
yellow color with ethylene, regardless of concentration, and at 22°C. 
Still longer was needed at 18°C. For really green bananas, 100 hours 
in ethylene was needed for full yellowing. 

These observations were made under laboratory conditions, but 
they were confirmed and enlarged in the experiment conducted at 
the Atlantic and Pacific warehouse, series M. At the end of 24 hours 
the treated and control lots both appeared to be still as green as at 
the start. After 60 hours the treated lot was slightly more yellow 
than the controls, but both still showed considerable green in the 
peel. Examination of the hundreds of bunches which had been ripen- 
ing simultaneously in the two rooms, with and without ethylene, 
showed that this slight difference was true in general for the whole 
contents of the two rooms. Some bunches in each room were still 
quite green, and some were rather well yellowed, but the average of 
the two rooms was just about represented by the two experimental 
lots. So small was the degree of difference that the writer asked the 
experienced foreman of the banana department to express an opin- 
ion, and he agreed that the difference was of very small degree but 
that it was slightly apparent. There was no question at all, however, 
that after 60 hours of 1: 1000 ethylene treatment at 18°C. (and the 
engineer in charge gave assurance that the ethylene had been duly 
administered), many bunches of bananas hardly showed any definite 
yellowing at all. 
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CARBOHYDRATE CHANGES.—With regard to the changes wrought 
within the banana by the treatment with ethylene, it has been 
stated (14) that a number of fruits, including bananas, are increased 
in sugar content by 20-30 per cent, and (15) that ‘‘fruits ripened 
with ethylene taste sweeter than those ripened with heat alone.” 
The present analyses would indicate that color differences of the de- 
gree found by Harvey should correspond, not to 20-30 per cent, but 
to 100-200 per cent of difference in sugar content. In the analyses of 
many series of experiments, with various concentrations of ethylene, 
no difference greater than 10 per cent has been found between treat- 
ed and control, except in the abnormal series L; and there it was still 
300-400 per cent after 100 hours, a phenomenon apparently distinct 
from any that Harvey had in mind. Untreated fruits always reached 
the same ultimate content of sugars as the treated ones, even when 
doing so more slowly. As to greater sweetness of fruits ripened with 
ethylene, as opposed to those equally ripe but untreated, the data for 
the sugars lend little support to the theory. Differences in the quali- 
ty of treated and untreated fruits are not subject to exact measure- 
ment, and the writer can only say that although he sampled the ripe 
fruits of treated and untreated lots of every series, he could never 
detect any difference in flavor or quality. 

The data which HrpBarp (16) has published are unfortunately 
those for a single experiment only, which he admits to have been the 
most striking of all those he performed. In this case two bunches of 
bananas of the same apparent greenness were compared, one in 
ethylene and the other in air, at 18°-20°C. As will be seen from fig. 8, 
both bunches were entirely green at the start, with only about 0.5 
per cent of total sugars. The bunch treated with ethylene ripened 
at a rather normal rate, although more slowly than any in the series 
here reported. Even series M, at the same temperature, had reached 
8 per cent of total sugars in 48 hours, while H1pBarp found only 6 
per cent in his treated bunch after 64 hours. But the control bunch 
had made no more progress toward ripening in 10 days than was 
made normally in the present series in the first 24 hours. Even the 
controls of the series L were riper after 4 days than those of H1BBARD 
after 1o days. Furthermore the total sugars in his analyses never 
reached more than about half of the maximum value attained con- 
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parable results in differential treatment. Only with such comparable 
material can trustworthy data be obtained in studies of the effect of 
different treatments. 

There is, however, one undoubted case of acceleration of ripening 
by ethylene, and that is series L of these experiments. The lots which 
received ethylene differed no whit in their rate of ripening from those 
of other series whether treated or not; but the controls showed that 
ethylene accelerated the ripening process greatly over what it would 
have been without the gas. Since the controls showed a normal ripen- 
ing curve once the process had begun, it is evident that the only 
effect of the ethylene was to cause this process to commence at once 
instead of delaying several days. If it only initiates the ripening 
process, it is not unreasonable that bananas already started to ripen 
should show no acceleration of ripening due to the ethylene treat- 
ment. HARTSHORN (11) has suggested that the failure to obtain 
ethylene stimulation in any other series than L was owing to the 
ripening process having already begun in all the others. In series I 
and M, however, the initial stage was apparently the same in degree 
of ripeness as in series L, as indicated by total sugar content, and 
these proceeded normally with ripening. A more accurate way of 
stating the situation would seem to be that only series L had the 
fruit in a state of quasi-dormancy, from which it is possible for the 
ethylene to stimulate it. 

The question is still moot, therefore, as to whether there is nor- 
mally any stimulation of the ripening process of bananas by ethyl- 
ene. Certainly there is none in the case of bananas which have al- 
ready started to ripen at the time treatment is begun, even though 
the start has barely been made; although there is a more rapid and 
uniform development of yellow color. In one out of three bunches of 
very green bananas, as green as they can be procured in the Chicago 
terminal, there was found a “dormant”’ condition from which the 
ethylene effected a stimulation to ripening at once. But in only this 
one out of ten bunches, none of which had been held in storage more 
than two days and each of which was selected as the greenest of 
several hundred bunches in cold storage, was there any accelerating 
effect due to use of ethylene. What may be the nature of this “dor- 
mant”’ condition cannot be said, nor how the ethylene operated to 
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break the ‘“‘dormancy.” It is of interest to note that neither PRIN- 
sEN-GEERLIGS (24), working with fruit taken directly from the plant, 
nor BoURDOUIL, using fruit from the nearby Canary Islands, found 
any such delay in the start of ripening; and both show by their 
analyses that ripening had not yet begun in the fruit they used. 
Since no other sequence of analyses, using green fruit, has been pub- 
lished, it cannot be estimated how rarely this ‘“dormant’’ condition 
is found. It might have been possible for the writer to have tested a 
hundred bunches before another such case of retarded ripening was 
found; and it would seem that, at least so far as the great inland 
distributing centers are concerned, there is very rarely received a 
bunch of bananas which requires ethylene in order to ripen promptly 
and rapidly. Once ripening has begun, its pace is not affected by 
ethylene. Whether or not the greater uniformity of yellow color re- 
sulting from the use of ethylene is sufficient to warrant its use com- 
mercially, is another question entirely; but it should be understood 
that such uniform yellow color is deceptive as a criterion of the stage 
of ripeness which has been attained. 

SUCROSE AND STARCH IN RIPE BANANAS.—Special interest attaches 
to these carbohydrates, apart from the question of ethylene effect, 
because of the varying statements concerning them in the literature. 
REYNOLDS (27) recently summarized our knowledge on this subject 
by stating ‘“‘the ripe pulp contains . . . sucrose . . . as little as 2 per 
cent or as much as 14 per cent.’”’ BAILEY (1) also cited the numerous 
earlier analyses made by workers of the United States Department 
of Agriculture as showing a range of 0.2-18 per cent sucrose. Such 
statements are misleading because they take no account of the meth- 
ods used for analysis. MIERAN (20) showed by apparently conclu- 
sive experiments that the sucrase present in ripe bananas would 
quickly hydrolyze the sucrose present when the pulp was mashed, 
unless the enzyme were inactivated at once by heat. In spite of this 
information, however, many analyses since that time have been 
made without this precaution, as of course were also many of the 
earlier ones. The otherwise admirable analyses of Gore are useless, 
so far as sucrose and reducing sugar values are concerned, because he 
took no account of the very rapid inversion which takes place in 
mashed pulp. He was aware that some error existed in his method, 
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and states that “the values for sucrose are probably slightly high, 
and those for reducing sugars correspondingly low.”’ Even allowing 
for the obvious inversion of intended meaning, the “slightly” is a 
matter of several hundred per cent. The same source of error in- 
validates the findings of THompson and WHITTIER (33). 

In table X are given the sucrose contents of ripe bananas as re- 
ported by a number of workers. It will be seen that rarely is the 
variety specified, and all too seldom is the method of analysis given. 
In all cases where satisfactory analytical procedure was followed, 


TABLE X 


SUCROSE AND STARCH CONTENT OF RIPE BANANAS AS 
PERCENTAGE FRESH PULP WEIGHT 


| | | | Su- | 














| | | = ‘. CROSE } 

, seal | : U- OTAL| AS % Ic. 
YEAR | INVESTIGATOR | METHOD VARIETY races chinks oF STARCH 
| | | | TOTAL 
| SUGAR | 

| | 
1861 | Buignet (4) ? ? Io 15 66 ? 
1876 | Corenwinder (6) ? | ? | 15.10 | 21.80 70 ? 
1879 | Marcano & Muntz (19) ? M. paradisiaca | 8.50 | 15.30 56 3-3 
1882 | Ricciardi (28) | ? | ? | 4.50 | 24.80 18 ° 
1893 | Mieran (20) | Boiling water | ? | 12.85 | 19.05 67 ? 
1896 | Gerber (9) | Boiling water | ? 10.45 | 19.00 55 0.90 
1902 | Leuscher (17) ? | Gros Michel | 15.80 | 26.30 60 0.95 
1908 | Prinsen-Geerligs (24) | Boiling alcohol | ? | 13.70 | 22.75 | 60 9.60 
tgtr | Yoshimura (34) | Boiling water | ? | 8.40 | 14.65] 57 4.25 
1o11 | Reich (26) | Cold water Gros Michel 5.40 | 19.35 28 0.75 
1912 | Bailey (2) | Boiling alcohol | ? | 5.50 | 10.00 55 0.71 
1912 | Thompson & Whittier (33)| Cold water | ? | 3.50 | 21.60 16 ? 
1914 | Gore (10) | Warm alcohol | ? 5.98 | 1G.15 32 0.82 
1914 | Thompson (32) | Boiling alcohol | Cavendish 10.70 | 18.70 57 0.45 
1917 | Myers & Rose (21) | Boiling water ? II.12 | 18.60 60 3.02 
1922 | Steel (30) | ? Fiji 5.65 | 24.60 23 trace 
1929 | Bourdouil (3) | Boiling alcohol | Cavendish 13.11 | 19.10 67 0.04 
1930 | Wolfe | Boiling alcohol | Gros Michel 11-13 | 17-20 | 64-66 Pree 

| | | 


however, the sucrose content was found to be over 5.5 per cent. 
Expressing the sucrose more significantly as percentage of the total 
sugars found, to take care of the few cases in which very low total 
sugar values give a deceptive idea as to sucrose content, it is found 
that sucrose constitutes 55-70 per cent of the total sugars. The bulk 
of the analyses give about 20 per cent of total sugars, with 11-14 per 
cent of sucrose. 

In the present studies, eight of the ten series of analyses showed a 
sucrose content of 11-13 per cent at “eating ripe,” with a range of 
64-66 per cent of the total sugar content. The other two analyses 
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showed 11~—12 per cent of sucrose, but this was only about 56 per cent 
of the total sugars. In these two series of analyses, series K, an 
attempt was made to prepare samples for both series simultaneously, 
instead of sequentially, and so the samples stood for 20-30 minutes 
before inactivation, instead of for only to minutes as in all other 
series. Because the sucrose values were slightly lower by this meth- 
od, a return was made in the three series of L to the original method. 
It can safely be stated, however, that the banana contains between 
1o and 14 per cent of sucrose at good eating ripeness, which condi- 
tion can be described either as when the skin is golden-yellow with 
tiny brown flecks, or when the total sugars have just passed their 
maximum. No explanation can be offered for the unusually low 
values for total sugars reported by a few workers, notably the 10 
per cent found by BaILey and the 11 per cent given by HIBBARD. 
The starch content is also given for fully ripe bananas in table X. 
It will be seen that in the majority of the analyses the starch content 
is below 1 per cent. Myers and Rose (21) reported 3 per cent, but 
their analysis for the next day gave only 0.7 per cent, a change in 
rate of starch hydrolysis for this stage of ripeness not found by any 
other workers. Indeed, the curves for all carbohydrates in their series 
of analyses agree with those of other workers only up to the sixth 
day of ripening; thereafter they are so erratic that it is difficult to 
have confidence in them. The temperature used must have been 
very low, from the slow rate of ripening, and does not seem to have 
been controlled at all. The abnormally high starch content for ripe 
bananas reported by PRINSEN-GEERLIGS (24) must be attributed to 
his probably having used some small variety of plantain, which does 
not convert all of its starch. He found a to per cent lower water 
content and a correspondingly higher carbohydrate content than 
anyone else has reported for bananas. MARCANO and MuNTz (19) 
also analyzed a plantain, as they state; and although YosHIMURA 
(34) does not state the variety used, his anomalous result may per- 
haps be thus explained. In his experiment, however, the fruit had 
not become fully ripe after 21 days “in a warm place.” Thus the 
starch content of ripe bananas, with the skins beginning to be brown 
flecked, has repeatedly been shown (in at least 15 analyses) to be less 
than 1 per cent. The only analyses showing a higher content are 
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subject to serious question, either as to their having been made on 
bananas or as to the accuracy of the determination. 
In passing, it may be noted that the polarimetric studies of 
PRINSEN-GEERLIGS, THOMPSON and WHITTIER, and YOSHIMURA are 
all agreed that there are no sugars found in ripe bananas except 
sucrose, fructose, and glucose. One of the most tantalizing biochemi- 
cal problems is how the starch of the banana is converted into sucrose 
in a few days, in the absence of any demonstrable amylase. 
RESPIRATORY RATIOS.—The respiration data are in general agree- 
ment with those given by Gore (10), OLNEY (23), and PRINSEN- 
GEERLIGS (24). The rate is maximum when starch is being most 
rapidly transformed into sugars, and falls again more slowly as ripen- 
ing progresses. GERBER (g) gave two sets of analyses, one of which 
makes a normal curve, while the other hardly rises and falls. The 
only previous work on the effect of ethylene on the respiration of 
bananas was done for very short time intervals only, and not through 
the whole course of ripening. REGEIMBAL, VACHA, and HARVEY (25) 
showed that when ethylene is added to the air in which a ripening 
banana is contained, there is quickly a great increase in respiratory 
activity, followed in a few minutes by a decrease below normal, and 
then eventually the normal rate is regained. The uniformity with 
which the data for the respiratory activity of bananas treated with 
ethylene parallel those for the controls in the present investigations 
indicates that after the response of the first hour was past, there was 
no further effect of the ethylene on the rate of respiration. And the 
effect during the brief stimulatory period is too small to be detected 
in the output of CO, for 12 hours. These observations seem to lend 
support to the theory of Norp And FRANCKE (22), that the effect of 
ethylene on ripening is due in part at least to the increase in per- 
meability of the cells, but the change is only temporary. 

These observations, previous and present, are all in considerable 
agreement for the banana, and are all different from those for citrus 
fruits. Denny (8) studied the effect of ethylene on the respiration of 
lemons, and found that, on the day after the addition of ethylene to 
the air of the ripening chamber, there was a greatly increased respi- 
ratory activity. There was not, however, any effect observable dur- 
ing the 3-5 hours immediately following the introduction of ethyl- 
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ene, and there was a persistent effect for several days after discon- 
tinuing the treatment. This is in contrast with the immediate but 
brief response given by bananas. Mack (18) has reported finding 
that ethylene doubled the rate of respiration in celery, but he does 
not say whether this is an immediate and brief response, such as the 
Minnesota workers found for bananas, or a retarded but long con- 
tinued response, such as DENNy found for lemons. 

COEFFICIENT OF RIPENESS.—The “coefficient of ripeness’ was 
introduced by TALLARICO (31) some years ago, as an expression of 
the quotient of pulp weight divided by peel weight. He noted that 
this quotient steadily increased during ripening, and believed that it 
afforded a reliable index of the degree of ripeness of the fruit. In the 
case of the (unnamed) variety with which he worked, small bananas 
with thin skins, this value ranged from 0.85 to 2.80 during ripening, a 
range permitting a moderate degree of sensitivity for indicating de- 
grees of ripeness. TALLARICO made no chemical studies in support of 
his assumption, however, but merely employed the coefficient values 
to indicate the stage of ripeness of bananas whose enzyme activity 
he was endeavoring to determine. The term has remained in the 
literature, and has been employed occasionally, as by BAILEy (2) and 
BouRDOUIL (3), without any critical examination of the validity of 
the concept having been made. Myers and Rose (21) have recom- 
mended a related concept, the peel weight as percentage of the whole 
fruit, and PRINSEN-GEERLIGS (24) used the complementary con- 
cept, the pulp weight as percentage of the whole fruit, from either 
of which the coefficient of ripeness is immediately derived and both 
of which are subject to the same errors as is the first term. Bour- 
DOUIL has pointed out that, with fruits of larger size and thicker peel 
than those used by TALLARIcO, the small range of values for the 
coefficient makes it a not very accurate nor sensitive criterion of the 
stage of ripeness; but the present investigation seems to be the first 
to demonstrate the fallacy of the concept. Probably this is owing 
largely to the fact that almost all of the previous series of analyses 
have been single and unrepeated, whereas the ten series in duplicate 
carried through from green to ripe in the present studies have afford- 
ed an opportunity for critical comparison. Besides the data in table 
IX, the writer has hundreds of determinations of the coefficient for 
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individual fruits, and these all demonstrate that, even for the fruits 
of the same hand, the value of the coefficient is not an absolute in- 
dication of the stage of ripeness; while for different bunches it 
possesses no absolute meaning at all. The value is so easily and 
quickly determined that it would be a most convenient reference 
point in analytical work if it were trustworthy, but it is not. Only 
chemical analyses can give any reliable measure of the degree of 
ripeness of bananas, and it is immaterial whether total sugars or 
starch content be determined for this purpose. 

It is to be regretted that there is no such complete analysis for the 
Gros Michel variety as BouRDOUIL has given for the Cavendish. The 
present studies are believed to be reliable, and have been repeated so 
often as to leave little doubt of their accuracy, but they cover only 
the period up to full ripeness. The necessity of starting a new series 
of analyses each week precluded the possibility of carrying any of 
the series through to the last stages of ripeness. 


Summary 


1. Bananas ripening in an atmosphere containing 1: 1000 parts 
of ethylene turn yellow at a somewhat more rapid rate than do con- 
trols, but the difference is only slight. 

2. Such bananas show also a slightly greater increase in sugars 
and decrease in starch from day to day than do the controls, but the 
difference is even slighter. 

3. Concentrations of ethylene ranging from 1: 100 to 1: 10,000 all 
seem equally effective in bringing about the small differences ob- 
served. 

4. Ripe bananas have 17~—20 per cent of total sugars, 10-14 per 
cent of sucrose, and less than 1 per cent of starch, in both the Gros 
Michel and the Cavendish varieties. 

5. Respiratory activity of bananas treated with ethylene differs 
little or not at all from that of untreated ones, when 12-hour periods 
are considered, regardless of the concentration of ethylene used. 

6. Rarely there is found a bunch of bananas which is in a quasi- 
dormant condition, and in this case ethylene stimulates an immedi- 
ate commencement of ripening, while the controls are delayed several 
days in starting. 

7. The “coefficient of ripeness” is unreliable, as well as insensitive. 
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8. Comparable results in investigations of the effect of various 
factors on the ripening of bananas cannot be obtained with bananas 
from different bunches, no matter how closely similar in aspect, but 
can be obtained only with bananas properly selected from the same 
bunch. 


These investigations were begun at the suggestion of Professor 
CHARLES A. SHULL, who has been a constant source of encourage- 
ment during their progress; sincere appreciation of this support is 
expressed. A large part of the work was made possible by the award 
of the John Merle Coulter Research Fellowship in Botany, and the 
writer wishes to express his gratitude for this aid. 

SUBTROPICAL EXPERIMENT STATION 
HoMESTEAD, FLA. 


[Accepted for publication August 18, 1931] 
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ANATOMY OF THE TRANSITION REGION OF 
PISUM SATIVUM 
CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 425 
JosepH H. GouRLEY 
(WITH TWENTY-TWO FIGURES) 
Introduction 

The general characters of the tribe Vicieae of the Leguminosae 
have been the subject of inquiry by a number of investigators, both 
from a physiological and from an anatomical standpoint, and al- 
though rather well known, many details still remain to be deter- 
mined. For the present study of Pisum sativum, the horticultural 
variety Champion of England was used. The transition region, in- 
vestigated in detail, involves the hypocotyl and at least two inter- 
nodes of the stem. 

LestiBoubots (6) recorded the vascular arrangement in the cen- 
tral cylinder of Faba equina, which is similar to that in Pisum 
sativum. He also observed and figured the four cortical bundles, two 
of them consisting of fibers only and two being fibrovascular in char- 
acter. The former are on the long axis of the elliptical stem and the 
latter on the short axis. The vascular bundles of the cortex diverged 
into the leaves. 

VAN TIEGHEM (7) observed the triarch arrangement of the pro- 
toxylem bundles of the primary root in Pisum sativum with two lay- 
ers of pericycle between the phloem fibers and the endodermis. He 
noted that the cotyledons were not opposite, but at an angle of 120° 
from each other, and that the first leaf occurred on the side of the 
epicotyl opposite the cotyledons, as it extends upward. Later (8) he 
studied the cortical bundles in the Vicieae, noted the character of 
the divergence of leaf traces into the petioles, traced the course of 
bundles in the internodes, and recorded the origin of the two cortical 
vascular bundles in the cotyledonary region. He followed the course 
of these bundles through the cortex to the second node, where a 
branch from each entered the bract. The third node showed the 
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same plan, except that in addition a small bundle from the stele 
diverged out through the cortex on each side and became a part of 
the persistent strands. These somewhat enlarged bundles ended in 
the true stipules at the fourth node, and new bundles, diverging 
from the stele, constituted the cortical bundles of the next internode 
above. There was sometimes a variation from this plan: the pre- 
vailing arrangement might occur lower down than the fourth inter- 
node or not until the fifth or sixth one. 

GERARD (3) traced the vascular system of the root and stem of 
several species, including Vicia sativa, which is similar to Pisum. 
He referred particularly to the transition region of these plants, 
which extended to the fourth internode in V. sativa, as also in Pisum. 
He noted the divergence of the leaf trace in toto from the central 
cylinder into the petiole, and with it the fibrous bundles which occur 
on the same radius, but located within the cortex. The adjacent 
lateral bundles of the ellipse were divided in two along a radial plane 
at a slightly higher level, and were laid down in such a position above 
the node as to form a leaf trace. Thus the arrangement which re- 
peated the situation at the second node above was reconstructed. 
HERAIL (5) reported the typical arrangement of bundles in the first 
three internodes of young plants of Pisum, although no description 
was made of the root structure or of the cotyledonary node. He con- 
firmed the work of GERARD, but interpreted the fiber strands of the 
stele as pericyclic rather than phloic. 

TOURNEUX (g) pointed out many analogies in the habit of Vicia, 
Lathyrus, Ervoum, and Pisum. Much the same anatomical structures 
were recorded as described by the previous workers. Comment was 
made upon the protostelic nature of the first internode above the 
cotyledonary region. 

CoMPTON (2) observed that seedlings of large species of the Le- 
guminosae exhibit the stable tetrarch arrangement, while a reduc- 
tion in their size has given rise to an unstable type of tetrarchy. In 
the Vicieae there is a constant triarch arrangement, two xylem 
strands extending into the cotyledons and the third directly into the 
plumule. A detailed report was made of the arrangement of bundles 
at successively higher planes of the first node. The transition region 
of the first and second internodes was also described, but specific 
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mention was not made of the relation of exarch and endarch bundles 
in this region, although the course of the vascular and fibrous bun- 


dles was traced. 


Methods and procedure 

Plants of all ages were removed from the soil in which they were 
grown, and. after being washed free of adhering material, the roots 
were immersed in a dish or beaker of basic fuchsin stain. The dye 
was first dissolved in a small amount of alcohol and then diluted with 
a considerable quantity of water. The vascular system and fibers 
were stained red by this procedure. The treated plants, or parts of 
plants, were then boiled for a short time in weak potash (KOH) 
solution, which softened or dissolved the parenchyma tissue and 
allowed the fibers and vascular strands to be teased out. The mate- 
rial was placed on a glass plate and kept wet with water or with an 
aqueous solution of glycerin to prevent rapid drying. 

Fresh untreated material, especially cross-sections, were ex- 
amined by the aid of the binocular dissecting microscope. Certain 
camera lucida drawings were made from this fresh material that 
served nearly as useful a purpose as those made from stained and 
prepared slides. 

Material for slides made after the paraffin method was killed and 
fixed in the following solution: 50 per cent alcohol too cc., formalin 
7cc., and commercial acetic acid 2 cc. Safranin and gentian violet 


were the most useful stains. 


Cotyledonary node 

The hypocotyl of Pisum is short, and no striking difference in 
arrangement of the vascular bundles of the root is evident until 
within a few millimeters of the cotyledonary node. Then the vascu- 
lar group appears suddenly widened, with connecting bands of meta- 
xylem and a wide triangular pith. This is the beginning of the transi- 
tion from root to stem arrangement, although it continues through 
the first and second internodes of the stem, and the characteristic 
stem arrangement is not present before the third internode is 
reached. CHAUVEAUD (1), VAN TIEGHEM (8), and in fact all writers 
on this subject have noted this anomalous situation in certain of the 
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Vicieae, but it is comparatively rare among other families. Histo- 
logical details are lacking in most accounts. 


1. FIBER BUNDLES 

Since the several structures present in a representative cross-sec- 
tion of the root follow somewhat different courses throughout the 
transition from root to stem, each will be treated separately, begin- 
ning with the three bundles of fibers which cap the phloem of the 
primary root and hypocotyl. The divergence of these fibers can be 
followed in figs. 1-14, which are sections drawn at successive inter- 
vals toward the top of the stem. The approximate location of the 
endodermis is indicated as the boundary line of the stele. Of the 
fiber bundles (a } c), portions or divergences of each extend into the 
cotyledons, while diverged portions which are from 6 and ¢ are 
united over the first leaf trace (fig. 5 z) and extend into the first 
internode. Divergences from a, b, and c form the other five fiber 
bundles present in the cotyledonary node, as follows. Bundle a (fig. 
1), which is in a plane taken below the node, continues upward and 
occupies practically the same position in fig. 2, although noticeably 
attenuated; but at a somewhat higher level it is divided into two 
portions (fig. 3 a,a,), which become separated and occupy positions 
lateral to the xylem mass. Each strand is again divided (fig. 6), 
small strands (a,a,) being laid down as extensions from the larger 
strands, and continuing more or less parallel to them for a short dis- 
tance, so that in transverse section all four bundles appear in a line 
and about equidistant from the phloem. Eventually the two strands 
a, and a, enter the cotyledons (figs. 6, 7), but a, and a, are left asa 
part of the stelar region. The strands a,a, continue upward for some 
distance, becoming more widely separated, and one additional 
strand diverges from each (fig. 11). These two latter strands (a,q;) 
appear as a single strand at a slightly higher level, being then lo- 
cated opposite the phloem of an endarch bundle (fig. 11 leaf trace 
x,V:); Whereas the strands a,a, are located at some distance from it, 
each group closely capping a phloem group of the stele (fig. 12). All 
the strands continue this arrangement through the first internode of 
the plant. 
In similar manner strand 6 may be followed. Beginning with fig.1, 
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its characteristic position in the root is evident. At a slightly high- 


er level a small portion extends from it at a sharp angle, occupying 
a position about one-fourth the circumference of the stele from it, 
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Fics. 1-11.—Diagrammatic representation of fiber and vascular arrangement of 
stele and cortex of Pisum at successively higher levels through cotyledonary region (see 





text for explanation of lettering). 


approximately midway between bundles 6 and c. At about this level, 
a small strand is extended laterally from strand c, and slightly higher 
still b, and c, form a single common strand 6,c,, which continues up- 
ward for a considerable distance, when },c; is divided, the branch 
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(b.c,) occurring on the same radius and exteriorly to it, and eventu- 
ally being located in the cortex (fig. 13). It is of interest in this con- 
nection that in passing through the endodermis into the cortex, this 
bundle at first hasan independent endodermis entirely surrounding it, 
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FIGS. 12-14, 16-21.—Figs. 12-14, 17-21, diagrammatic representation of fibers and 
vascular bundles cut at successively higher levels through second node of plant; leaf 
trace z diverges into leaf at second node, leaving gap in stele in second internode; bun- 
dles z; and ; then united as one endarch bundle at higher level, providing leaf trace 
s:z1 which supplies leaf at fourth node. Fig. 16, diagram representing perpendicular 
arrangement of fibers in cotyledonary region: dotted lines represent fiber group which 
lies on opposite side of stem; lateral divergences supply cotyledons. 













while the main stelar endodermis is intact (fig. 15). At a slightly high- 
er level the fiber bundle is surrounded by parenchymatous cells only 
and the endodermis cells are not differentiated. Bundle 6 itself is 
again divided, one of the two divisions passing into the cotyledon 
along with a vascular strand (fig. 6 x), the remaining portion 6, con- 
tinuing as one of the characteristically six fiber groups of the lower 
stem. 
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Bundle c, which is the third of the three fiber bundles character- 
istic of the root, occupies a position analogous to a and b in the lower 
portion of the hypocotyl. At a slightly higher level a small portion 
(c,) on the side toward b is divided from it as already indicated. 
This smaller bundle (c) passes at an angle toward 0,, and the two be- 
come a single bundle (6,c,) which caps a xylem group (fig. 5 2) 
throughout. Bundle c finally passes into a cotyledon, but previous 
to doing so three additional small bundles (c,c,c,) diverge from it, all 
three later being merged into a single larger bundle (c.). 


Endodermis of 
fiber bundle 






Endodermis of 
central axis 


Fic. 15.—Endodermal sheath about fiber bundle which is diverging from stele into 
cortex; below is shown section of endodermis which surrounds stele; ensheathing endo- 
dermis at slightly higher level than that shown in drawing. 


Thus at a low level of the first internode, near the cotyledonary 
node, a transverse section shows fiber bundles a,a, and 0,c, capping 
the phloem of the two leaf traces (*,y,z), and two bundles (a,c.) 
(a,b.) capping the phloem of each of the two lateral bundles. Occa- 
sionally either one or both of the lateral bundles a, and c, on the one 
side, or a, and 6, on the other, lie so closely together that they appear 
as one bundle or nearly so. 

Referring again to bundle b,c,, which is located in the cortex at a 
level indicated in fig. 13, its ultimate disposition may be traced. 
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When the leaf trace z diverges into a leaf (the details of which are poin 
described later), the fiber cap associated with it (0,c,) likewise di- (fig. 
verges outward and merges with the cortical fibrous bundle (0.c,) at the 
the level of leaf departure, and this new bundle subtends the vascu- but 
lar trace in the petiole and leaf ramifications. Above the gap in the tral 
stelar ring, which is occasioned by the departure of the leaf trace z, upp 
the adjacent fiber bundles b, and c, give off divergences which are the 
laid down progressively nearer to one another until they finally angi 
appear as one, and occupy a position analogous to bundle b,c, below ware 
the node just described. A divergence from this new bundle is laid met 
down in an outward direction, and it may be seen in a transverse ma 
section of the stem somewhat higher up, occupying a position analo- dow 
gous to that of b,c, in the cortex. Thus a fiber arrangement is recon- of t 
structed in the second internode, which provides for a repetition of met 
the divergences at the fourth node. the 
Similarly, on the opposite side of the stem, the fiber bundle (a,a,) arra 
associated with leaf trace x,y, gives off a divergence in the lower por- the 
tion of the first internode which occupies a position in the cortex on so t 
the same radius as a,a,. This bundle is not indicated at the level of leve 
the stem shown in fig. 13, but is found a few millimeters above that A 
level (fig. 14). These two fiber bundles diverge and subtend the vas- twe 
cular trace of the leaf as one bundle at the third node, in exactly the abl 
same way as occurs on the opposite side of the stem at the second of t 
node. Then branches diverge from the lateral fiber bundles a, and (fig 
a, which are laid down in such a way as to provide a new fiber bun- me’ 
dle to cap the phloem of the leaf trace of the third internode. An firs 


outward divergence from this one constitutes the cortical fiber bun- 
dle of the third internode. This procedure recurs at each node, 
alternating from one side to the other throughout the subsequent 
nodes and internodes of the plant. Fig. 16 shows in diagram the se- 
quence of divergences through the cotyledonary region into the lower 
portion of the first internode. 





: vel 

2. VASCULAR BUNDLES Pr 

The root of Pisum is commonly triarch, although there are de- fro 
partures from this arrangement. Since not all the groups of the cot 


xylem are associated with like structures at higher levels, the three 
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points as seen in cross-section are designated x, y, and z respectively 
(fig. 1), x and y representing the bundles which finally terminate in 
the cotyledons, and z in the first leaf. In the root there is no pith, 
but in the hypocotyl, especially near the cotyledons, there is a cen- 
tral pith. There are a larger number of metaxylem elements in the 
upper hypocotyl, so that a continuous band of metaxylem borders 
the triangular pith and connects the groups of protoxylem. The tri- 
angular outline is much changed (fig. 5), x and y being spread out- 
ward near the two cotyledons. At the same time fewer and fewer 
metaxylem elements are laid down interiorly, but instead parenchy- 
ma appears (constituting pith) and metaxylem elements are laid 
down toward the outside, resulting in mesarch bundles in place 
of the exarch ones which occur just below. Finally the internal 
metaxylem of these two diverging groups disappears entirely, and 
the bundles which actually enter the cotyledons are endarch in 
arrangement. In this transition from the exarch through mesarch to 
the endarch situation there is an interspersion of parenchyma cells, 
so that the conventional type of one or the other is not existent at all 
levels. 

As indicated, there is an increase in the metaxylem elements be- 
tween the points x, y, and z, which are interspersed with a consider- 
able number of parenchymatous cells, so that the sheath or envelope 
of the pith does not consist entirely of vessels. Slightly higher up 
(fig. 5) scattering protoxylem elements appear to the inside of this 
metaxylem band, which are finally grouped at a point opposite the 
first leaf trace (z), and additional metaxylem is laid down exteriorly 
tothem. This arrangement results in the endarch bundle which sup- 
plies the second leaf or bract (fig. 7). 

At the same time that the protoxylem elements are being laid 
down in a group which forms a part of the second leaf trace, paren- 
chyma appears at either side of the two leaf traces, separating the 
latter from the more or less continuous band of vessels which en- 
velop the pith at, or slightly above, the level indicated in fig. 7. 
Protoxylem cells then occur where the metaxylem bands are cut off 
from the leaf traces. After the traces x and y have diverged into the 
cotyledons, the ends of the vascular cylinder, bounding the two gaps, 
and represented at x,x, and y,y, (fig. 9), gradually become continu- 
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ous by the laying down of additional metaxylem. This makes possi- 
ble the grouping of x,x, and y,y, into two continuous bundles with 
protoxylem points at each end, thus constituting the exarch lateral 
bundles of the stele as shown at the base of the first internode (fig, 
13). These changes in arrangement and configuration in the coty- 
ledonary node can be followed at the levels indicated in figs. 1-14. 

In detail, the change of the first leaf trace (z) from an exarch 
group in the root and lower hypocotyl to an endarch one in the first 
internode is as follows. Toward the upper region of the hypocoty] 
this vascular group arches out somewhat, parenchyma cells are 
interspersed with metaxylem, and a little higher the protoxylem 
elements appear somewhat scattered, owing to the differentiation of 
parenchyma cells. At a slightly higher level, metaxylem fails to 
differentiate interiorly to the protoxylem, but elements of it are laid 
down outside, producing an exarch vascular bundle. Throughout 
there are some parenchyma cells associated with the vessels of this 
trace. 

At the level indicated in fig. 11 there are more or less definite, al- 
though narrow, bands of parenchyma separating the elements of this 
leaf trace from those of the adjoining groups. This separation is 
higher in the structure than the separation at points x and y. The 
points of the lateral bands of metaxylem are therefore designated 2, 
and z,; and, as already noted, protoxylem cells are laid down near the 
point of separation and actually become associated with these points. 
It is in this way that two of the four exarch bundles of the lower 
stem are produced. 

By the coalescing of the lateral groups y, and z, on the one side 
and x, and z, on the other, continuous lateral strands are formed. 
At first a rather large pith occupies the central portion of the stem, 
but at a higher level of the first internode metaxylem cells are laid 
down until the central portion is completely occupied by them. Be- 
fore the summit of this first internode is reached, however, paren- 
chyma cells are differentiated within the central portion of the stem, 
and the siphonostele arrangement is established, which arrangement 
persists throughout the remainder of the stem. Above the seventh 
or eighth node the pith disintegrates on maturity and the stem is 
hollow, except at the nodes where there are constrictions. 
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Stem 
1. EPICOTYLEDONARY INTERNODE 

The general arrangement of structures as seen in cross-section of 
the stem near the base has been noted elsewhere (figs. 3, 4, 7, 8), and 
is diagrammed in fig. 14. The characteristic arrangement of the pri- 
mary xylem is much as though two somewhat flattened elongated 
crescents, with their flattened edges in contact, were placed at the 
center of the stem, the tips of each crescent being the protoxylem 
and the space between them being occupied by the metaxylem. Be- 
tween the divergent tips at each end of the xylem mass, and sep- 
arated from them by parenchymatous cells, is a small endarch bun- 
dle. Thus there appear to be four exarch and two endarch bundles 
in close association, the stele being neither completely protostelic 
nor siphonostelic in character. 

The two “‘polar”’ endarch bundles on the long axis of the elliptical 
stem are leaf traces. One of them (figs. 1-14 z) supplies the central 
lobe of the trifid bract at the second node. The other is the vascular 
supply for the second leaf bract. Near the second node the leaf trace 
diverges outward through the cortex, enters the bract in toto, and 
represents the principal central vascular bundle of this leaf. As this 
divergence takes place, a narrow pith is laid down in the long axis of 
the elliptical stele, extending from the diverging leaf trace to about 
its center. The beginning of radial parenchyma rays, which later ex- 
tend through the lateral xylem groups, originate before the leaf trace 
has entirely traversed the cortex in its outward course to supply the 
bract at this second node. 


2. SECOND INTERNODE 


A section cut immediately above the second node shows only one 
“polar’’ bundle, together with the central mass of xylem already re- 
ferred to and a central pith. Opposite this remaining polar bundle 
isa leaf gap, which occupies a position homologous to the one which 
bundle z occupied below the node; the parenchyma of the pith and 
the gap are therefore continuous. 

At a slightly higher level there is a reorientation of the exarch 
masses of xylem which border the gap together with the accompany- 
ing phloem. The central mass of xylem is no longer continuous be- 
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cause of the laying down of parenchyma cells, rather than metaxy- 
lem ones, in the central region, thus dividing the two exarch groups 
nearest the leaf trace. Parenchymatous cells also separate these ad- 
jacent exarch groups from the rest of the xylem mass, as a result of 
the laying down of such cells rather than metaxylem at that level, 
These radial divisions are not wide, but serve to separate the central 
mass into three groups, namely, the two exarch vascular strands 
bordering the gap and the remainder of the stelar xylem. 

The exarch masses adjacent to the leaf gap (fig. 14 2,2,) now 
assume a different position relative to the rest of the central mass, 
as indicated in sections cut progressively higher up the stem (figs, 
17-21). Just as parenchymatous cells were differentiated instead of 
certain of the vessels in the vascular bundles (2,7, and 2,y,), so similar 
cells occur between the tips of these two adjacent exarch masses, so 
that they form small vascular strands bordering the gap. Then me- 
taxylem is laid down exteriorly, as a part of these groups, with the 
protoxylem points remaining interior in their relation to the former. 
The two strands are laid down progressively nearer until they finally 
appear as a single endarch bundle (fig. 20), which is the trace that 
supplies the leaf at two nodes above this point (the fourth one of the 
plant). The general effect is that of the two groups (z,2,) adjacent 
to the gap moving around at an angle of go’, until they occur as a 
single vascular bundle which has become endarch rather than ex- 
arch, because of the changed relation in which the metaxylem ele- 
ments are laid down. At the same time the associated fiber bundles 
are also rearranged, as already described. Thus endarch bundles are 
the only ones that occur on the side of the stem from which the first 
leaf trace diverged. Two exarch bundles, however, remain on the 
opposite side in the second internode. 

In the upper region of the second internode, which is characteris- 
tically short in all horticultural varieties of Piswm examined, there is 
on the opposite side of the stem a repetition of the disposition of 
bundles already described for the first internode and second node. 
The leaf trace (fig. 14 x,y,) diverges outward through the cortex 
near the third node. It supplies the central lobe of the trifid bract 
of this node, leaving a gap immediately above, as occurred at the 
node below. At the same time that the leaf trace diverges into 
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the rudimentary leaf, there is a differentiation of primary tissue 
jeading to the formation of an axillary shoot. This occurs also at the 
other nodes, and higher up there are primordia for flower branches 
laid down at an angle of about 35° with the stem. 


3. THIRD INTERNODE 

After the leaf trace has diverged into the bract at the third node, 
there is a repetition of the reorientation of the two exarch groups 
which immediately border the parenchymatous gap. By the process 
of laying down metaxylem elements to the outside of the protoxy- 
lem, and the laying down of parenchyma toward the inside, groups 
are produced which are endarch in character. These groups are so 
laid down as gradually to approach one another, finally occurring as 
a single vascular strand which is the leaf trace that supplies the leaf 
at the fifth node. With this rearrangement there passes the anoma- 
lous situation of both exarch and endarch bundles occurring together 
in the stem, and throughout the remainder of the plant all the bun- 
dles are endarch. The stem now assumes a more nearly four-sided 
shape, becoming increasingly more so in the internodes above. In 
two of the four corners of the stem are the fibrovascular bundles 
which supply the leaves, and in the opposite ones are the prominent 
bundles which supply the stipules. 


4. CORTICAL BUNDLES 


The bracts which occur at the second and third nodes of Pisum 
consist of three lobes, the central one being interpreted as an unde- 
veloped blade and the lateral ones as undeveloped stipules. This in- 
terpretation is borne out by the vascular arrangement. At the fourth 
node and at all those above, a true compound blade and two large 
persistent stipules occur. The leaf traces, as already described, pro- 
vide the chief vascular supply for the blades, and the fibrovascular 
bundles of the cortex provide the chief ones for the stipules. 

The cortical bundles consist of two fiber groups on the long axis 
of the ellipse, one opposite each leaf trace, and two fibrovascular ones 
located at approximately right angles to the fibrous ones. One of the 
fiber bundles supplies the first bract and the opposite one the second 
bract, as already noted. The cortical fibrovascular bundles are con- 
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spicuous features of the stem of Pisum. They occur on the sides of 
the stem at right angles to those from which the leaves depart, and 
have their origin at the first node, from the edge of the vascular bun- 


Stipular 
bundle 





Fic. 22.—Detail of section showing divergence of bundle of stele into cortex; corti- 
cal bundle supplies stipule at sixth node. 





dles supplying the cotyledons. In some cases two arise on each side, 
but in such event one of each pair is always small and fades out in 
the first or second internode. The persistent ones diverge immedi- 
ately into the cortex, and at the second node a branch from each 
supplies the outer lobes of the bract, one from one side and one from 
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the other. Within the bract there is an anastomosis with the leaf 
trace, so that the bract appears as a single unit. Within the cortex 
are rather large lacunae at either side of the vascular bundles. 

The main portion of the cortical bundles continues up the stem, 
and at the third node branches diverge to the opposite side and 
again occur in the outer lobes of the bracts. The main bundles of the 
cortex continue to the fourth node, where the first true blade and 
stipules occur. Here the cortical bundles diverge around the stem 
and enter the stipules in toto at their lowest point of divergence 
from the base of the petiole, and at approximately right angles to the 
leaf. They then proceed along the entire line of junction with the 
stem, ramifying branches extending throughout the stipules. The 
origin of the vascular bundles which supply the stipules at the fifth 
node is in the stele. At a short distance below the fourth node, fibro- 
vascular groups diverge out of the stelar ring at opposite sides and 
at right angles to the leaf traces (fig. 22). These groups are laid down 
so as to form an outward course into the cortex, and extending up- 
ward through the region of the fourth node and the full length of the 
fourth internode. They then supply the stipules at the fifth node, 
where they enter them in toto, anastomose in part with the vascular 
elements of the leaf trace, and together with the latter form the 
vascular supply of the blade and stipules at this node. 

Two gaps in the stele result from the divergence of the fibrovascu- 
lar bundles, and are evident for a short distance above the departure 
of the latter. New elements are added to the central cylinder 
(protoxylem to the inside and metaxylem to the outside), until the 
gaps no longer exist at a level near the fourth node. This situation 
is repeated at the succeeding internodes and nodes, providing a pair 
of cortical bundles for each set of stipules. 


Summary 


1. The transition from root structure to stem structure in Pisum 
sativum is not complete until the third internode is reached. This 
anomaly consists in the occurrence of exarch bundles in the first and 
second internodes, and in a protostelic situation in at least a portion 
of the first internode. 

2. There is a transition in the region of the cotyledonary node 
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from the triarch arrangement of the root to that of six characteristic 
vascular bundles in the first internode. These consist of four elon- 
gated lateral bundles lying on either side of the small central pith and 
in the direction of the long axis of the elliptical stem. They appear as 
two bundles since the metaxylem elements are in contact. All of the 
bundles are exarch, a smaller bundle lying at either end of the lateral 
groups, completing the series. Both of the latter are endarch. To 
the sides of each lateral group are two fiber groups lying about equi- 
distant from the vascular strands, and at either end of the long axis 
is another fiber group, establishing the complement of six fiber groups 
within the stelar region. 

3. The two smaller vascular groups are the leaf traces that supply 
the first two alternate leaf bracts. The lateral ones serve in part to 
supply leaf traces for the fourth and fifth nodes. 

4. After the first leaf trace diverges from the stele at the second 
node, portions of the lateral exarch bundles are laid down pro- 
gressively nearer together, until they appear as one endarch bundle 
above the leaf gap. The protoxylem elements occur inward and the 
metaxylem elements are laid down toward the outside face, produc- 
ing a new endarch leaf trace. Two exarch bundles remain on the 
opposite side of the stem in the second internode. At the third node 
the same rearrangement occurs, so that in the third internode all 
bundles are endarch and the permanent stem structure is accom- 
plished. 

5. There are four cortical bundles in this species, one fibrous one 
opposite each leaf trace and a fibrovascular group opposite each 
lateral bundle. The fibrous ones diverge into the blades in toto, and 
the arrangement is established in the nodes above by divergences 
- from the fiber groups which lie to either side of the leaf gap. The 
vascular ones are the stipular traces. At the second and third nodes, 
branches from them supply the rudimentary stipules or bracts and 
they end free in the first true stipules at the fourth node. Bundles 
diverge out of the stele in the second internode at right angles to the 
leaf traces to supply the next node above. This arrangement is re- 
peated at each of the succeeding nodes. 
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THE RELATION OF NITROGEN TO POTASSIUM IN 
THE NUTRITION OF FRUIT TREES 
EDGAR J. GILDEHAUS 
Introduction 

For a number of years it has been a common practice among fruit 
growers to apply nitrogen-carrying fertilizers, such as nitrate of soda 
and ammonium sulphate, to their orchards to the exclusion of all 
others. This practice has been popular because of its easily observed 
effects, such as increased tree growth and fruit yield, and improved 
color and size of foliage. Whether the effects of nitrogen alone have 
been desirable is a moot question. It seems to be necessary to 
demonstrate whether or not a fertilizer program, emphasizing the 
use of only one plant food element to the exclusion of others, is al- 
ways the most profitable practice. It should be borne in mind that 
the more nitrogen applied the greater will be the drain on the mineral 
resources of the soil. Every pound of nitrogen used in plant nutri- 
tion requires also a certain amount of phosphorus, potassium, and 
other mineral elements. Continued absorption of relatively large 
amounts of nitrogen will cause an unbalanced nutrition when no 
provision is made for the renewal of the soil’s supply of phosphorus 
and potassium, which are probably absorbed by the plant in amounts 
proportional to the nitrogen. 

Recent investigations by the Long Ashton Horticultural Research 
Station in England showed that a marginal browning of the foliage 
of apple trees, known as “leaf scorch,” is a symptom of potash 
starvation. It was also shown that by increasing the amount of 
nitrogen applied to the trees affected with leaf scorch, the condition 
became considerably more severe. When the proportion of nitrogen 
was decreased or the proportion of potassium increased, leaf scorch 
did not develop. Further investigations indicated that this marginal 
browning of leaves was caused chiefly by too little available potas- 
sium in the soil in comparison to the amount of nitrogen. 

It was the purpose of this investigation to determine, in a pre- 
liminary way, the effect of altering the ratio of nitrogen to potassium 
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in the nutrient media of apple trees, in an effort to throw some light 
on the relation of nitrogen to potassium in their nutrition. 


Experimentation 

In each experiment quartz sand cultures were used. The method 
of sand cultures was employed because of the impossibility of govern- 
ing the exact concentration, reaction, and composition of soil solu- 
tions, and because such a medium obviously affords a more natural 
habitat for plant roots than do solution cultures. The quartz sand 
was of a high quality and was free from organic matter and other 
impurities. 

The following nutrient solution, which has been used successfully 
by WALLACE in connection with sand cultures of apple trees, was 


employed in this investigation : 


GM. 
NaNO, 5.0 
KNO, 2.0 
K,HPO, . ke 
CaSO, 1.0 
MgSO, « Fd 
NaCl ee: 
FeCl, a Nisken eee 


Tap water to make up 1o liters 


When potassium was to be omitted from, or reduced in, a 
nutrient solution, the salt or salts containing potassium were re- 
placed by an equivalent amount of the corresponding sodium salt; 
for example, KNO, was replaced by an equivalent amount of NaNO, 
and so forth. Similarly, when it was desired to omit or reduce the 
amount of nitrogen in solution, the corresponding sulphates were 
used in place of the nitrates. 

In this manner seven different nutrient solutions were prepared, 
each containing a different N/K ratio. The composition of these 
solutions in regard to their nitrogen and potassium content was as 
follows: 

Series A ‘110 ppm N) full nutrient 
(126 ppm K) 
Series B ( o ppm N) minus nitrogen 


(134 ppm K) 
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Series C (115 ppm N) minus potassium 
( oppm K) 

Series D ( 36 ppm N) 3 (N of full nutrient) 
(126 ppm K) 

Series E (323 ppm N) 3 (N of full nutrient) 
(126 ppm K) 

Series F (115 ppm N) 3 (K of full nutrient) 
( 45 ppm K) 

Series G (110 ppm N) 3 (K of full nutrient) 
(368 ppm K) 


Series H (tap water) check 


During the first month of growth, each culture received 500 cc. 
of nutrient solution every 7 days. During the later period of growth, 
when the trees became more foliated, this dose was increased to 
750 cc. The sand in each pot was leached fortnightly with tap water 
to prevent accumulation of salts or toxins. 

Sixteen uniform and healthy 3-year-old trees of the Delicious 
variety were chosen from the nursery row of the Missouri Agricul- 
tural Experiment Station orchard at Columbia. Previous to plant- 
ing, the roots of all trees were pruned by the Stringfellow method; 
that is, all the laterals were removed and only the “carrot stumps” 
left. All adhering particles of dirt and organic matter were washed 
from the root stump before potting in 12-inch clay pots. The normal 
winter pruning was given each tree. The tops of the pots were 
covered with roofing paper to prevent the quartz sand from becom- 
ing contaminated. 

The trees were placed in a suitable area in the orchard, where they 
remained until samples were taken. Observations of the growth 
characteristics of each plant were taken at frequent intervals, 
special attention being paid to the foliage for possible development 
of leaf scorch. After five months’ growth in quartz sand the trees 
were sampled for chemical analysis of leaves, 1-year wood, and 2- 
year wood. The analyses were made on an air-dry basis. 

NITROGEN AND POTASH ANALYSIS 
For the nitrogen, the official Kjehldahl-Gunning-Arnold method 


to include nitrate nitrogen was used. Analyses were made for both 
total and water-soluble nitrogen. Insoluble nitrogen was determined 
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by difference. For potassium, the official chloroplatinate method 
was used, analysis being made for total potassium only. 


CARBOHYDRATE ANALYSIS 

Analyses were made for total sugars, starch, and hemicelluloses. 
The total sugar was determined by thoroughly washing the sample 
with cold water and then clearing the filtrate with lead acetate. 
After inversion, the reducing power of the sugars was d: .ermined by 
the Shaffer and Hartman method. The starch was determined from 
the residue of the original sample by first gelatinizing the starch and 
then digesting it in freshly collected saliva at 38° C. After hydrolyz- 
ing with HCl (s.g. 1.125) for 2 hours, the reducing power of the 
resulting sugars was determined by the same method and calculated 
as glucose. The hemicellulose was determined by hydrolyzing the 
original residue of the starch determination with hydrochloric acid 
(s.g. 1.125) for 2 hours. The filtrate was then titrated in the same 
manner as for starch. 

Results 

The foliage characters exhibited by the plants of the different 
series were very characteristic, and were consonant with observa- 
tions recorded by WALLACE (14). Leaf scorch symptoms did not 
appear in any series until after 2.5 months’ growth. The incipient 
stages were characterized by a browning of the leaf apex, or some- 
times small brown patches would appear along its margin. These 
brown dead areas gradually extended inward toward the midrib, but 
were not preceded by any noticeable chlorotic condition. Although 
enlargement of these scorched areas was very slow it was definite, 
and in the majority of cases started from the tip of the leaf. 

The trees of series C were the first to exhibit the initial stages of 
leaf scorch. Its appearance was noticed after 10 weeks’ growth, at 
which time noticeable shoot growth had stopped and terminal buds 
had formed. A few weeks later leaf scorch appeared in series E, but 
in this case most of the scorching occurred at the margin of the leaf 
instead of at the tip as in most other cases. By the fifteenth week 
all the trees seemed to have at least a few leaves whose tips had 
turned brown to a noticeable extent, but series C, E, and F de- 
veloped the most severe cases. Toward the end of the experiment 
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the foliage of series A began to show a bronzed appearance, accom- 
panied by brown or reddish brown spots dotted over the leaf area. 
The leaves of series B and D became pale yellowish-green in color 
and were rather sickly in appearance during the latter part of the 
growing period. Although several leaves turned brown at the apex, 
no severely scorched ones were observed. Series H developed leaf 
scorch to about the same extent as series A, but no badly affected 
leaves were found. Table I gives the data recorded at the time the 
samples were collected for chemical analyses. 


TABLE I 
l 
. = r . | n 
tao ysiow | No. or 
SERIE : 2 Gg ORMAL Tor: 
mars | SEVERELY | SCORCHED at | cshbgriosien ToraL 
LEAVES 


SCORCHED TIP ONLY 








The observations recorded on each series of trees in these experi- 
ments seem to show clearly the effect of the N/K ratio of the nutrient 
media on the foliage of apple trees. -It is well known that leaf scorch 
is a symptom of potash starvation (1, 8, 14), and this is verified in 
the present experiments by the results obtained in series C, which 
developed a severe case of leaf scorch. By the addition of a small 
amount of potassium (series F), leaf scorch developed on the foliage, 
but to a lesser degree than in series C. The addition of a greater 
amount of potassium (series G) again greatly reduced the amount of 


























affected foliage. The addition of an excess of potassium practically 





eliminated all scorching tendencies. Series E, which was supplied 





with an excess of nitrogen, was also found to develop a severe case of 
leaf scorch. When this amount of nitrogen was reduced to one-third 
(series D), practically no scorch was developed. The results of these 
foliage observations seem to indicate that development of leaf scorch 
on apple trees is favored by a wide N/K ratio in the nutrient media. 

The data for the chemical analyses of the leaves, 1- and 2-year- 
old wood, are given in tables II, III, and IV. Table II shows the 
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SERIES 


GILDEHAUS 





MACROCHEMICAI 


TREATMENT* 
Dry 
weight 


o ppm N 49.8 


36 ppm N 64.2 
110 ppm N 50.0 
323 ppm N | 50.7 

o ppm K 46.7 
45 ppm K 50.0 
126 ppm K 50.0 
368 ppm K 47.8 


A, E, potassium constant 


MACROCHEMICAL 


TREATMENT* 


Dry 

weight 

o ppm N 54.1 
37 ppm N | 55.5 
110 ppm N 54.1 
323 ppm N 52.4 
o ppm K 54.5 
45 ppm K | 53.7 
126 ppm K 54.1 
368 ppm K 55-4 


A, E, potassium constant 


MACROCHEMICAL 


TREATMENT* 


Dry 

weight 

o ppm N 56.7 
36 ppm N 58.2 
110 ppm N 58.9 
323 ppm N 56.2 
o ppm K 69.0 
45 ppm K 61.1 
126 ppm K 58.9 
368 ppm K 58.1 


A, E, potassium constant 126 ppm; series C, F, A, G, nitrogen constant 110 ppm. 


TABLE II 


. ANALYSIS OF 


APPLE 


FRUIT-TREE NUTRITION 


LEAVES 


PERCENTAGI 


: Total 
nitrogen potassium 
i.52 0.89 
1.57 1.87 
1.45 I.10 
1.73 | 1.49 
1.38 0.94 
1.69 1.37 
1.45 1.10 
1.50 3.04 


126 ppm; series 


TABLE III 


ANALYSIS OF 


C, F, A, G, nitrogen const 


I-YEAR-OLD WOOD 


PERCENTAGE 


Total 


nitrogen 


Total 


potassium 


77 38 
85 07 
69 45 
SI 5 
55 4!I 
04 4I 
69 45 
61 7° 


126 ppin; series C, F, A, G, nitrogen constant 


TABLE 1V 


ANALYSIS OF 2-Y! 


Total 


sugars 


Nv HNN 
“IN NN“ 
we NUL 


AR-OLD WOOD 


PERCENTAGE 


Total 


nitrogen 


Total 
potassium 





39 
41 
47 
OI 
40 4 
47 25 
47 25 
-53 | .48 


Total 
sugars 


Stavch Hemicel- 


luloses 
2.86 17.80 
3.38 15.77 
3-57 17.80 
2.69 17.88 
3-27 17.71 
3.01 17.27 
3.$7 17.50 
3-35 15-77 


ant I1o ppm. 


Hemicel- 


Starch luloses 
6.70 28.01 
6.04 33-70 
6.62 26.160 
6.47 18. 2; 
24 26.58 
7-45 25.07 
6.62 20.10 
0.55 24.05 


Ilo ppm. 


Hemicel- 


Starch hitiaia 
6.47 22.50 
5-5! 23-53 
5.98 23.28 
4.59 23.93 
5.72 24.61 
4.20 24.67 
5.98 23.28 
5.98 25.96 
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effect of various amounts of nitrogen and potassium on the nitrogen, 
potassium, and carbohydrate content of the leaves. These data have 
little significance when considered from the standpoint of the effect 
of various N/K ratios. None of the determinations show any con- 
stant relationship to the N/K ratio of their nutrient solution, with 
the possible exception of the nitrogen determinations. The nitrogen 
contents of the leaves of the two wide ratio series (series E and F) 
are very similar, as are also the nitrogen contents of the two narrow 
ratio series (series D and G). The potassium contents of the two 
wide ratio series are also similar, but those of the narrow ratio series 
are not, owing perhaps to the luxury feeding of the high potassium 
series (series G). 

Table III shows the effect of various quantities of nitrogen and 
potassium on the nitrogen, potassium, and carbohydrate content of 
the 1-year-old wood. These data are much the same as those in 
table II in regard to significant relationships. The potassium con- 
tents of the wide ratio series are somewhat similar, as are those of 
the narrow ratio series, but the nitrogen contents vary considerably. 
The potassium content of the 1-year-old wood seems to increase with 
increments of potassium. The nitrogen content also increases with 
the increments of potassium until a large excess is added (series G), 
when the nitrogen content decreases. 

The data for the 2-year wood likewise fail to show any definite 
relationship with the N/K ratio. In the several series in which the 
potassium remained constant, both the nitrogen and the potassium 
content increased with increments of nitrogen. In the series in which 
the nitrogen remained constant, its content was found to increase 
as the potassium was increased in the nutrient solutions. Under the 
same conditions the dry weight decreased as the potassium was in- 
creased. In the several series in which the nitrogen remained con- 
stant and the potash varied, the minus-potassium cultures (series 
C) contained the least amount of nitrogen in leaves, 1-year and 2- 
year wood. The amount present in each series is shown in table V. 

The leaves of the one-third potassium series (series F) absorbed 
the most nitrogen. In the 1-year wood the ful! nutrient solution 
absorbed the most nitrogen. In the 2-year wood the ‘potassium 
x3’ cultures (series G) absorbed the most nitrogen. In the several 
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series in which the potassium remained constant and the nitrogen 
varied, the minus-nitrogen cultures (series B) contained the least 
potassium in all three tissues analyzed. The amount of potassium 
present in each series is given in table VI. 

The leaves and 1-year wood of the one-third nitrogen cultures 
(series D) contained the most potassium, while for the 2-year wood, 
the “nitrogen X3”’ cultures (series E) contained the most potassium. 
In the 2-year wood the amount of potassium present increased as the 


TABLE V 


PERCENTAGE TOTAL NITROGEN 











SERIES LEAVES | SERIES I-YEAR woop | SERIES 2-YEAR WOOD 
F 1.69 A 0.69 G 0.53 
G 1.50 F 0.64 I 0.47 
A 1.45 G 0.61 | A 0.47 
€ 1.38 | c 0.55  & ©.40 





TABLE VI 


PERCENTAGE TOTAL POTASSIUM 











SERIES LEAVES SERIES I-YEAR WOOD SERIES 2-YEAR WOOD 
D | 2.89 D | 0.67 | E ©. 34 
E 1.49 E | 0.45 A 0.28 
A 1.10 A | gag | D 0.27 
B 0.89 | B 0.38 | B 0.25 





nitrogen was increased. These latter results indicate that the greater 
the amount of nitrogen applied to the plants the greater the amount 
of potassium needed. 

The percentages of total sugars, starch, and hemicellulose are 
found to fluctuate considerably in all portions of the piant regardless 
of the treatment. They show no constant relationship to the 
amounts of potassium added to the nutrient solution or to its N/K 
ratio. 

Discussion 


The experiments here recorded appear to indicate that in the 
absence of an adequate supply of potassium the trees were unable 
to support the area of foliage produced. This suggestion is sup- 
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ported by the fact that when production of large leaves is stimulated 
by the addition of nitrogen, leaf scorch, which reduces the area of 
living foliage, becomes more pronounced. Conversely, by reducing 
the nitrogen supply and consequently rendering the plant less vigor- 
ous vegetatively, the potassium supply appears to be adequate for 
the smaller leaves produced and leaf scorch does not appear. This 
example serves to indicate that apart from the actual presence of 
these essential elements, they must be present in certain proportions 
before normal development will proceed. 

The production of leaf scorch under these conditions indicates 
that potassium has more than one important function in plant de- 
velopment. Many investigators have shown that potassium is di- 
rectly or indirectly essential for cell division, and probably for 
synthesis of proteins in meristematic tissue. If potassium plays such 
an important rdéle in the production of new tissues, it must have an 
equally important réle to play in the support and maintenance of 
this tissue after it is produced, because the amount of living tissue 
is reduced when a deficiency of potassium occurs. 

The fact that leaf tissue is the first to turn brown and die indicates 
that potassium plays an important part in the functions of the leaf, 
probably in photosynthesis. Aside from the investigations of GREc- 
oRY and RicHARDs (4) and Briccs (2), very little work has been 
done dealing directly with potassium in relation to photosynthesis. 
These workers have shown, by measurement of freed oxygen, that 
carbon-dioxide assimilation is definitely retarded by limitation of 
potassium. GREGORY and RICcHARDs also found that, under the con- 
ditions of their experiments, minus-potassium plants had a higher 
and minus-nitrate plants a lower respiration rate than complete- 
nutrient plants. Such results help to confirm the preceding explana- 
tion of the production of leaf scorch. 

The macrochemical determinations of nitrogen, potassium, and 
carbohydrates of the leaves and wood of scorched trees were made 
in order to determine if possible a relation between the N/K ratio 
and the carbohydrate content of the plant. Carbohydrates have fre- 
quently been found to accumulate in plants deficient in potassium 
(3) 9, 12); likewise, nitrogen has frequently been found to accumu- 
late in plants deficient in potassium. This is shown by NIGHTIN- 








193 


{ol 


nit 





[BER 


tes 
de- 
di- 
for 


ich 





1031| GILDEHAUS—FRUIT-TREE NUTRITION 393 


GALE (11), who found an accumulation of inorganic nitrogen in 
tomato plants; and STOKLASA, as quoted by NIGHTINGALE (11), 
presents analytical data showing that the percentage of inorganic 
nitrogen is much higher in minus- than in plus-potassium beets. 
Further, THomas (13), working with the apple, found that absorp- 
tion and assimilation of nitrates was increased by additions of 
potassium, as indicated by the increased utilization of stored carbo- 
hydrates by the plus-potassium trees. 

The analytical data obtained in the present experiments do not 
indicate any definite effect of potassium treatment on the carbo- 
hydrate content of the plant. This might be explained by the fact 
that the trees analyzed had grown but one season in the quartz 
sand, and when potted they contained considerable amounts of 
stored carbohydrates and minerals which undoubtedly greatly in- 
fluenced the subsequent growth and analytical determinations. Evi- 
dently the carbohydrate contents of the plants were not among the 
factors causing leaf scorch. 

Since it has been shown that plants deficient in potassium usually 
have a high carbohydrate content, which is also accompanied by a 
high nitrate nitrogen content, it seems logical to expect potassium 
to play an important part in determining the carbohydrate-nitrogen 
ratio in plants, which has recently been shown to affect the vegeta- 
tive and reproductive states. In experiments with the tomato, 
Kraus and KRAYBILL (10) demonstrated that nitrogen and carbo- 
hydrates are used in rather definite ratios for vegetative growth. 
Harvey (5) found that in Grimes apples a moderate reduction of the 
carbohydrate-nitrogen ratio was accompanied by an increase in the 
rate of shoot growth, and an increase in the ratio was accompanied 
by decreased shoot growth. 

Hooker (7) has shown the carbohydrate-nitrogen relation to be 
associated more specifically with the process of flower bud differ- 
entiation in the apple. His observations are corroborated in the main 
by Harvey and MurneEkk (6). The carbohydrate-nitrogen relation 
has also been investigated in connection with fruitfulness, sex differ- 
entiation, fruit set, and development of roots from cuttings, and 
many interesting correlations have been found. It is possible that 
in the various stages of its activities, the particular condition of the 
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apple spur may be expressed by a more or less definite relation of 
carbohydrates to nitrogen. 

The foregoing experiments, as well as the literature reviewed, 
offer evidence that potassium plays a most important réle in the 
growth and development of plants, and in some ways has a close 
relation to nitrogen in the chemistry of the life processes. Although 
the present experiments have failed to produce any direct evidence 
of a definite relation between nitrogen and potassium, the results 
indicate that there is a relation which is important to the normal 
growth of apple trees. 

This investigation is being continued by the writer at the Missouri 
Agricultural Experiment Station on a much more extensive scale, 
and it is hoped that the final results will verify and add conclusive 
data to the indications pointed out in this preliminary investigation. 


Summary 


1. Observations were made on the foliage of a series of Delicious 
apple trees fertilized with nutrient solutions containing various N/K 
ratios. When the amount of nitrogen was reduced to one-third of 
that in the complete-nutrient solution, the development of leaf 
scorch was retarded and the amount reduced below that of all other 
cultures receiving additional nitrogen. 

2. Increasing the amount of potassium in the complete-nutrient 
solution was also effective in preventing development of leaf scorch, 
being just as effective as the reduction of nitrogen. Decreasing the 
amount of potash or increasing the amount of nitrogen in the 
nutrient solution was conducive to leaf scorch development. 

3. Data on the potassium, nitrogen, and carbohydrate content of 
the leaves, 1-year wood, and 2-year wood are presented. An attempt 
was made to correlate the carbohydrate content of the plants with 
their N/K ratio, but no correlation was found. 

4. In general, it may be said that the response of the plants to 
potassium deficiency seemed to vary with the nitrogen content. 


UNIVERSITY OF MIssouRI 
CotumsiA, Mo. 


[Accepted for publication July 15, 1931] 
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MEIOSIS IN HYPERICUM PUNCTATUM! 
CARL SHERMAN HOAR 
(WITH PLATES II, IV) 

The genus Hypericum, which in some classifications is listed in the 
family Hypericaceae and in others under the heading Guttiferae, 
contains about 200 species. It is found growing in the north temper- 
ate and subtropical regions, but has a few species reported from the 
southern hemisphere. In size, the members of the genus vary from 
tiny herbs to rather large shrubs. For several years the writer has 
been making a general cytological study of those species common to 
the New England states, but since Hypericum punctatum appears 
to be distinct in its meiotic behavior, it seems best to discuss it 
separately from the rest. 

Up to the present time no great amount of research has been 
carried out upon the genus Hypericum. NIELSEN (17) worked out 
the chromosome count in several species. He reported that only a 
small amount of work had been done previous to his research. 
TISCHLER (27) reported on the chromosome count of only two 
species. TREUB (28) investigated Garcinia treubii, and found a hap- 
loid count of 24. COHEN-STUART (26) found the haploid count in 
Thea sinensis, a closely allied species, to be 15. SCHNARF (24) investi- 
gated the embryology of the genus, and simply noted a large number 
of chromosomes. He did not investigate in detail. 

NIELSEN found the haploid count of the species investigated to be 
as follows: Hypericum ascyron 9, H. androsaemum 20, H. hircinum 
20, H. coris 9, H. polyphyllum 9, H. hirsutum 9, H. maculatum 8, H. 
acutum 8, H. montanum 8, H. tomentosum 8, H. perforatum 16, H. 
organifoiium 9, H. orientale 8, H. rumelicum 7, and H. prolificum 9. 
In H. montanum he noted in the resting nucleus one nucleolus and 
about 20-30 chromocenters. Since there are but eight chromosomes, 
he concludes that the chromocenters cannot be prochromosomes. 
He found no irregularities in either the heterotypic or the homeo- 


‘ Contributions from the Department of Biology, Williams College, Williamstown, 
Massachusetts. 
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typic division. The chromosome counts were easily ascertained 
except in H. perforatum. 

CHATTAWAY (3) worked on several species, with special reference 
to chromosome size in Hypericum calycinum, and noted haploid 
counts as follows: H. humifusum 8, H. quadrangulum 8, H. pul- 
chrum 9, H. calycinum to, and H. elegans 16. He noted also that the 
numbers suggest the lack of multiples found in the work of RosEn- 
BERG (22, 23) and BABcock and CLAUSEN (1) on Crepis. He called 
attention especially to the varying size of component chromosomes 
of H. calycinum. In 200 cases he observed one large outstanding 
chromosome, and four classes (1, 3, 3, and 3) with regard to size. 
The chromosomes of the homeotypic division are not only smaller 
than those of the heterotypic, but are of an entirely different shape, 
being long, narrow, and much more curved. 

In preparing the material for the present study, specimens were 
collected in the field and killed in Carnoy’s solution, its penetration 
being aided by the use of a hand vacuum pump. Other killing solu- 
tions, such as chromacetic and Flemming’s, were also used but were 
not found successful. The material was imbedded in celloidin (Mal- 
linckrodt’s pyroxylin purified), using the mass method described by 
JEFFREY (11). The sections were cut and stained with Haidenhain’s 
iron-alum haematoxylin, and eosin was used as a counter-stain. 

Hypericum punctatum Lam. (H. maculatum Walt. not Crtz.) is a 
distinct species growing throughout the New England region and 
farther south and west. Its large, oblong, round-tipped leaves, which 
have many black and pellucid dots, are quite striking. In Williams- 
town, Massachusetts, and in Pownal, Vermont, it was found growing 
in damp thickets beside the road. Apparently abundant moisture is 
one requisite for healthy growth, since it was much less plentiful 
during the last dry summer than formerly. It is characterized by a 
large percentage of sterile pollen, and has proved to be perhaps the 
most interesting, from the cytological standpoint, of all the species 
of Hypericum in the New England region. 

There is a strong resemblance in the process of the formation of 
pollen to that observed by CLELAND (4-7) and others in Oenothera. 
The early development of the pollen mother cells resembles closely 
the illustrations of CLELAND (5) for Oenothera. The open spireme is 
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evident in the early stages, with no indication of doubling of the 
threads. The second contraction occurs with the threads massed 
together in the center, and those toward the periphery thrown more 
or less into loops. Out of this mass emerge individual chromosomes 
which are connected end-to-end. Fig. 1 illustrates the nucleus just 
before the second contraction. In fig. 2 the chromosomes are just 
emerging from the general mass. In fig. 3 is seen an early stage where 
the chainlike condition, together with the nucleolus, is evident, but 
the whole is still somewhat massed together. Fig. 4 shows the 
nucleus more enlarged, the chain of chromosomes more open, and 
the nucleolus gone. Sixteen chromosomes can be counted distinctly. 
Apparently the chromosomes in this case form one continuous chain, 
although this is not always evident. Under normal conditions the 
chain appears joined in an unbroken ring. In no case were paired 
chromosomes observed. In fig. 5 the chromosomes are shown as the 
nuclear wall disappears. Here, and especially in fig. 6, the chromo- 
somes are still in chains after the nuclear membrane has disappeared. 
Fig. 6 is of special interest, since sixteen chromosomes appear to form 
a complete ring in the shape of a figure 8. Figs. 7-9 illustrate the 
appearance of the chromosomes at late prophase and early meta- 
phase. Fig. 8 is a somewhat diagrammatic representation of a meta- 
phase stage showing only those chromosomes at the upper focus. 
The alternation of the chromosomes as they separate is clear. In 
figs. 7 and g the whole complement of chromosomes is shown. Either 
because of the fixing agent, or for natural reasons, the chromosomes 
are clumped closely together, and are not open as in Oenothera, and 
complete alternation is not so clear. CLELAND (6) noted irregulari- 
ties in Oenothera, and similar irregularities are often evident in 
Hypericum punctatum. In fig. 11 two chromosomes on the lower 
side appear to be out of place. In fig. 12 a chain of chromosomes is 
evident passing off from the general mass into the next mother cell. 
Fig. 10 illustrates the chromosomes at early anaphase. The connect- 
ing threads, which are more persistent in Oenothera, apparently break 
early in H. punctatum. Fig. 15 is an upper view of a stage at about 
the same time as that shown in fig. ro. One of the upper sets of 
chromosomes has wandered to the left, but the drawing also shows 
that both sets are arranged in more or less of a circle. In fig. 14 the 
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two equatorial plates are shown at the time of the second division. 
It is evident that the chromosomes still have a more or less curved 
shape. In both plates the haploid count is clearly eight. Fig. 16 
shows a similar stage, only here the count is seven in the lower plate 
and nine in the upper. In fig. 17 a like condition is illustrated, but 
in this a dark line is evident in the cytoplasm, as though the chromo- 
some in passing over had left a thread behind it. In fig. 13, illustrat- 
ing the late anaphase of the first division, a lagging chromosome is 
shown. This doubtless depicts the process of making the uneven 
counts shown in figs. 16 and 17. As shown in figs. 21, 22, and 25, 
however, the lagging chromosomes may be lost entirely from the two 
resulting chromosome complements. The irregularity represented in 
fig. 11 probably accounts for such a condition as that in fig. 13, and 
also for those just mentioned. Similar irregularities were noted by 
CLELAND (6) in Oenothera, and also uneven counts in the second 
division complements. In fig. 18, an illustration of interkinesis, a 
small nucleus is shown which doubtless arose from the lagging 
chromosome. Figs. 21, 22, and 25 show various stages of the second 
division. It will be noted that the lagging chromosome has apparent- 
ly been dropped from the first spindle and is undergoing further 
division. In no case have extra pollen grains been observed, but at 
maturity there are sometimes diminutive sterile pollen grains, indi- 
cating that they may be formed. Fig. 24 shows the condition during 
early interkinesis. It will be noted that, while there is some anas- 
tomosing among the chromosomes, they do not lose their identity. 
In fig. 23, a late stage during interkinesis, splitting of the chromo- 
somes is evident. Fig. 20 illustrates the metaphase stage of the 
second division, with the chromosomes arranged in the usual manner 
and unlike that of the first division. Fig. 19 is a case of cytomixis. 
This is common in the species under discussion, but its significance 
is uncertain. As already stated, about one-half of the pollen grains 
abort at maturity. 

In the work on Oenothera there is usually no mention made of the 
condition in the female gametophyte. The writer was able to observe 
several stages in the megasporogenesis of Hypericum punctatum, and 
the situation there was found to be much the same as in micro- 
sporogenesis. Fig. 26 shows a stage during “‘diakinesis” in the mega- 
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spore mother cell. The chain of sixteen chromosomes, with the 
nucleolus still present, is clear and striking. Fig. 27 shows a stage 
comparable with that in fig. 6. The chromosomes, although some- 
what crowded, are clearly end-to-end, and apparently in a continu- 
ous ring. In fig. 29 the chromosomes appear at the late prophase, 
and the chain condition is still present. In fig. 28 the metaphase is 
illustrated, and, although they are crowded, it is evident that there 
is a tendency for the alternating chromosomes to pass to opposite 
poles. 

Fig. 31 shows the pollen tube with its two male nuclei and the egg 
at about the time of fertilization. The degenerating synergids are 
not shown, since they would more or less obscure the egg. Embryos 
are frequent (fig. 30), but there are many cases in the buds in 
which the megasporangium has aborted and apparently fertilization 
has failed to take place. 

Discussion 

The cytological study of Hypericum punctatum is extremely inter- 
esting, in view of the chain or ring formation at “diakinesis”’ and its 
relation to the much discussed question of para- and telo-synapsis, 
to the situation in Oenothera, and to hybridization. Chromosomes in 
chains, although not common, are now known in several groups of 
animals and plants. KiNG (12) reported chain formation in Bufo, but 
the chain broke up before the first metaphase. Stout (25) observed 
that the chromosomes in Carex had a serial arrangement, although 
again there was no alternation at the metaphase. 

The whole question has been carefully worked out in Oenothera. 
GATES (g) first noted ring formation in the pollen mother cells of 
O. rubrinervis. CLELAND, studying O. franciscana (4), noted in the 
“late heterotypic prophase stages [corresponding to diakinesis in 
most plants]: (1) a marked tendency on the part of the homologous 
chromosomes to become paired, a condition quite in contrast to that 
in most of the Oenotheras so far studied; (2) a constant and definite 
arrangement of chromosomes in the nucleus; and (3) the association 
of certain chromosomes end-to-end throughout the period, in such 
a way as to form a closed circle.’ Later he (5) reported on 0. 
franciscana sulfurea, which is a hybrid between O. biennis and O. 
franciscana, and noted that the failure of all but one pair of homol- 
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ogous chromosomes to pair suggests “‘the possibility that Oenothera 
franciscana sulfurea is to a large extent heterozygous.” 

CLELAND has studied the meiosis of several other species of 
Oenothera, among which may be mentioned that of O. biennis and O. 
biennis sulfurea (6). In these cases he finds no pairing of chromo- 
somes in either species. Their diploid count is fourteen. Two rings, 
one of eight and one of six, are present at ‘“‘diakinesis.’’ This condi- 
tion persists until the early anaphase, when the alternating chromo- 
somes pass to opposite poles. A small percentage of cells show irregu- 
larities. Sometimes adjacent chromosomes pass to the same pole. 
Ordinarily another pair keeps the usual haploid count of seven 
constant by passing to the opposite pole, but sometimes a chromo- 
some passes to the wrong pole, thus upsetting the count. Out of 
500 cells studied he found that about 5 per cent showed unequal 
distribution. In any case, “irregularity in zigzag arrangement will 
probably have an important genetical result.’’ He emphasizes two 
important facts: (1) “the presence of telosynapsis,” and (2) “the 
irregularity that characterizes the whole process of meiosis in the 
pollen mother cells.’”’ He argues that since in only three of the eleven 
species studied is there complete absence of pairing, and since there 
are all gradations of pairing up to the presence of seven pairs in 
O. blandina and O. deserens, there is a definite meaning to the situa- 
tion. He believes pairing takes place when the chromosomes are 
relatively homozygous but fails when they are relatively heterozy- 
gous. Those forms in which pairing is common are relatively stable 
while the others often mutate. This failure of homologous chromo- 
somes to pair is common to many hybrids, and suggests that the lack 
of pairing in many species of Oenothera and in hybrids may be due to 
similar causes. He thinks that perhaps it did not come through 
hybridization, but rather through the ‘“‘gradual accumulation of 
gene mutations,”’ and the process is ‘‘aided probably by the appear- 
ance of balanced lethal factors.” 

DARLINGTON (8) made special reference to ring formation in 
Oenothera and other genera, and has attempted to show that there 
is no such phenomenon as telosynapsis. It seems fitting to cite here 
some of the research upon which he bases his conclusions. NEWTON 
and DARLINGTON (16), working on Tulipa and Hyacinthus, showed 
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that at the metaphase only homologous parts of chromosomes conju- 
gate, and not chromosome entities. BOEDIJN (2) described para- 
synapsis in diploid and tetraploid varieties of Oenothera. JANSSENS 
(10) noted that in Mecostethus conjugation takes place side by side 
at one end only of the homologous chromosomes. NEWTON (15), 
working with Fritillarza, noted that the point attachment of the two 
chromosomes, corresponding to JANSSENS’ chiasma, is fixed at the 
metaphase by the position of the attachment constriction. DARLING- 
TON therefore thinks that the parasynaptic system is sufficiently 
elastic to give results of the most widely divergent appearance at 
the metaphase. He considers the method of pairing in Oenothera as 
essentially parasynaptic, as urged on specific grounds, genetical and 
cytological, by OEHLKERS (18, 19) and RENNER (20, 21). Moreover, 
Tradescantia shows ring formation which is considered to be the re- 
sult of earlier side-by-side conjugation and association by terminal 
chiasmata. In Rumex acetosella, KIHARA (13) has shown that ring 
formation follows side-by-side conjugation. DARLINGTON (8) argues 
that recent work on polyploid Hyacinthus, as well as observations 
of strings and rings of chromosomes in polyploid Avena, Prunus, 
Primula, Solanum, and other genera, makes it probable that ring 
formation in Rumex is actually the result of side-by-side conjugation, 
at different points, of more than two chromosomes; and that this 
species is in fact polyploid. Finally he shows by diagrams how rings 
may have arisen in tetraploid and diploid species of Oenothera para- 
synaptically. He concludes by saying that “ring formation in 
Oenothera has been shown to be associated with three genetic 
peculiarities: first, formation of a single linkage within the ring; 
second, the occurrence of a homozygote-eliminating mechanism 
similar in effect to the balanced lethal system in Drosophila; third, 
an extremely heterozygous condition of the plant.” 

The question as to whether Hypericum punctatum is a natural 
hybrid or not is an interesting one, but is difficult to solve. Its 
chromosome behavior and morphological sterility are much the 
same as commonly found in natural hybrids. Its external appear- 
ance, however, is quite distinct from any other species of the New 
England region. If its cytological resemblance to Oenothera is of 
significance and we follow CLELAND’s conclusion, the condition may 
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ai have been brought about by gene mutation. It appears to the writer 
a- that at the present time there is not enough data to be absolutely 
vS sure. KERNER and OLIVER (14) and others have reported years ago 
le that natural hybrids are common in Hypericum. 

), 

‘ Summary 


e 1. Microsporogenesis of Hypericum punctatum is interesting for 


the following reasons: (a) The chromosomes fail to pair at ‘‘dia- 


y kinesis,’ and instead become fastened end-to-end in a chain: (0) 
t at the first metaphase the chromosomes tend to separate so that the 
5 alternating members pass to opposite poles; (c) often irregularities 
{ occur so that the chromosome complements, at the time of the 


second metaphase, instead of having the usual haploid number of 
eight have seven and nine; (d) during the first division, chromosomes 
may lag and be lost from the spindle; (e) extra nuclei may be formed; 
(f) at interkinesis the chromosomes split longitudinally in the usual 
manner, and separate at the second anaphase; (g) during second 





division the extra chromosomes may form their own spindle and 
divide; (z) sometimes small abortive pollen grains are present; (7) 
at maturity nearly one-half of the pollen grains are morphologically 
sterile. 

2. Megasporogenesis shows the same tendency to chain forma- 
tion and to alternation of chromosomes at the first metaphase as 
found in microsporogenesis. 

3. Meiosis in general is very similar to that found by CLELAND 
and others in certain Oenothera species. 

4. The question of parasynapsis versus telosynapsis is discussed. 

5. The general cytological situation closely resembles that found 
in many natural hybrids, but external characteristics are different 
from those of any other species of the New England region. 

WILLIAMS COLLEGE 
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EXPLANATION OF PLATES III, IV 

All drawings are of Hypericum punctatum Lam. Magnification of figures is 
3800 times unless otherwise specified. : 

Fic. 1.—Pollen mother cell showing nucleus just before second contraction. 

Fic. 2.—Pollen mother cell showing nucleus with chromosomes just emerg- 
ing after second contraction. 

Fic. 3.—Pollen mother cell showing early stage of ‘“‘diakinesis’’; chromosomes 
in chains and nucleolus still present. 

Fic. 4.—Pollen mother cell with nucleus enlarged, nucleolus disappeared, and 
chain of chromosomes so opened that sixteen can be seen clearly. 

Fic. 5.—Pollen mother cell soon after nuclear membrane has disappeared; 
chromosomes still show tendency to chain formation. 

Fic. 6.—Pollen mother cell after nuclear membrane has disappeared (note 
that chromosomes apparently form circle in shape of figure 8). 

Fic. 7.—Pollen mother cell at first metaphase showing alternation of adjacent 
chromosomes. 

Fic. 8.—Somewhat diagrammatic illustration of first metaphase showing 
only those chromosomes at upper focus (note regular alternation of adjacent 
chromosomes). 

Fic. 9.—Chromosomes at first metaphase of pollen mother cell showing 
tendency to alternate. 

Fic. 1o.—Pollen mother cell at early anaphase of first division; connecting 
threads breaking. 

Fic. 11.—Pollen mother cell at first metaphase showing irregularity in 
arrangement of chromosomes. 

Fic. 12.—Pollen mother cells at early first metaphase showing chain of 
chromosomes extending into adjacent mother cell. 

Fic. 13.—Anaphase of first division of pollen mother cell showing lagging 
chromosome. 

Fic. 14.—Pollen mother cell with chromosomes at equatorial plate of second 
division (note curved shape of chromosomes and haploid count of 8 in each 
plate). 

Fic. 15.—Upper view of pollen mother cell showing two rings of chromosomes 
at early anaphase (one above the other). 

Fic. 16.—Pollen mother cell similar to that illustrated in fig. 14 but with one 
complement having 7 chromosomes, the other 9. 
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Fic. 17.—Pollen mother cell similar to that illustrated in fig. 16 (note dark 
line in cytoplasm between plates). 

Fic. 18.—Pollen mother cell at interkinesis showing extra nucleus. 

Fic. 19.—Pollen mother cell showing cytomixis. 

Fic. 20.—Metaphase of second division of pollen mother cell showing 
chromosomes split in usual manner and unlike first division. 

FIGS. 21, 22.—Various stages in second division of pollen mother cell showing 
that chromosomes often are lost from first spindle and undergo further division. 

Fic. 23.—Late stage in interkinesis of pollen mother cell showing chromo- 
some splitting. 

Fic. 24.—Pollen mother cell at early stage of interkinesis; chromosomes, al- 
though showing some anastomosing, still keep their identity. 

Fic. 25.—Similar to figs. 21 and 22. 

Fic. 26.—Megaspore mother cell at diakinesis showing chain of 16 chromo- 
somes; nucleolus still present. 

F1G. 27.—Megaspore mother cell at stage comparable with that shown in fig. 
6; chromosomes, although overlapping, are clearly in chain. 

Fic. 28.—Megaspore mother cell at first metaphase; chromosomes, although 
crowded, show tendency to alternate. 

Fic. 29.—Megaspore mother cell with chromosomes at late prophase. 

Fic. 30.—Young embryo; Xgoo. 

Fic. 31.—Pollen tube about time of fertilization showing two male nuclei 


and egg; X 1200. 
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ANATOMY OF THE PRIMARY AXIS OF 
SOLANUM MELONGENA 
CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 426 
ALBERT F. THIEL 
(WITH TEN FIGURES) 
Introduction 

The eggplant, Solanum melongena, is grown as a truck crop in 
Florida, Louisiana, California, Virginia, New Jersey, and a few 
northern states. Because of its increasing commercial value and its 
importance as a food, some interest has developed as to its anatomy. 
Although the anatomy of closely related species in the Solanaceae 
has been investigated rather completely in some cases, the writer 
was unable to find any literature on the anatomy of this plant. 

HarTIG (7) was the first to discover the bicollateral condition in 
plants, and HANSTEIN (6) first reported internal phloem in the 
Solanaceae. Since the bicollateral condition was first reported, in- 
vestigators have found the same condition in eighteen families. 
HoLroyp (9g) calls attention to the fact that ““This advanced de- 
velopmental condition is rare in the primitive cotyledons or In- 
completae (Apetalae) ; is more frequent in the Apopetalae (Polypeta- 
lae); and most frequent, as well as most perfectly evolved, in the 
Sympetalae.”’ 

GERARD (5) described the transition from root to stem in Cucumis 
melo and Cucurbita maxima. He concluded that the internal phloem 
is merely a part of the external that is reoriented on the inner face of 
the bundle. HERAIL (8) studied the comparative anatomy of the 
stem of many dicotyledons, and conciuded that the Cucurbitaceae 
alone possess a true bicollateral bundle. Scorr and BREBNER (12), 
in their studies on Thladiantha dubia, found that the internal phloem 
connects with the external in the medullary ray. They found that 
during transition from stem to root the internal phloem passes out 
and unites with the external phloem. 

FISCHER (4), studying the hypocotyl of Cucurbita pepo, found that 
the inner phloem gradually died out, ending blindly below. La- 
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MOUNETTE (11) found no communication between external and jn- 
ternal phloem in C. maxima, and « »ncluded that the development of 
internal phloem is an abnormal formation due to the activity of cer- 
tain pith cells. Von FABER (14) traced the development of the bun- 
dles in the stem of C. pepo, and cencluded that the internal phloem 
arises very early at the growing point. He found that both inner and 
outer phloem existed before any vessels were formed, and that the 
sieve tubes of the inner phloem originated from the same procambial 
strand as the rest of the bundle. WorsDELL (15) investigated the 
medullary phloem in the Cucurbitaceae, and concluded that it rep- 
resents “a vestigial structure, the remnant of a former system of 
medullary vascular bundles in which the xylem has disappeared.” 

Mrs. SMITH (13), studying the development of Dionaea musci pula, 
reports that there is no transition in the hypocotyl. She states that 
the bundles are inverted as they leave the cotyledons. 

ARTSCHWAGER (1), in his work on the anatomy of the potato, 
studied the root-stem transition, and states: “In the change from 
the exarch to the endarch condition it is noticed first, that the two 
protoxylem groups of a diarch root begin to swing outward, one fol- 
lowing a left, the other a right curve.” At a point just below the 
cotyledons he found that the primary xylem groups, instead of form- 
ing a radial row, come to lie in a tangential plane. The change from 
the exarch to the endarch condition was completed in the region 
above the cotyledons. With reference to the origin of the internal 
phloem, he concluded that it belongs to the stele proper and does 
not represent the vestigial remains of a secondary set of bundles. He 
found the first change in the primary phloem to be a breaking up of 
the two phloem groups with the formation of three or four smaller 
groups. These smaller groups orient themselves in such a way that 
two or three of them come to lie in the center of the stem, between 
the separating xylem strands. The other phloem groups take a posi- 
tion at the periphery of the stele. 

Miss KING (10) traced the course of the bundles from root to 
stem in Lycopersicum esculentum, and found that the primary xylem 
plate differentiates into two distinct bundles. The metaxylem differ- 
entiates tangentially toward the periphery of the stele at successively 
higher levels. She found that the protoxylem maintained its 
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original position until the level just below the cotyledonary plate 
was reached. Centripetal differentiation of the protoxylem began 
at this point and continued until the primary xylem groups were al- 
most endarch at the cotyledonary plate. With respect to the pri- 
mary phloem, she found that it divided into smaller groups, and that 
strands differentiating toward the center constituted the internal 
phloem. The external phloem formed four equally distributed 
groups, which were oriented collaterally at the outer face of the 
xylem groups. Simultaneously the internal phloem formed two 
groups located at the inner limits of the primary xylem, thus estab- 
lishing the bicollateral condition. 

The investigations on the potato by ARTSCHWAGER, and on the 
tomato by Miss KING, show some variation in the method of transi- 
tion in closely related species. Neither of these workers investigated 
the possibility of changes occurring in the petiole and midrib of the 
cotyledon. It was the purpose of this study to investigate the ontog- 
eny of the root, the root-stem transition in the axis, and the vascu- 
lar anatomy of the cotyledons. 


Material and methods 

The seed used is commonly known as the Black Beauty variety. 
BAILEY (2) classifies this variety as Solanum melongena L. var. de- 
pressum Bailey. The plants were grown in the greenhouse, and seed- 
lings of different ages were used in the investigation. The 5-day-old 
seedlings furnished the best material for the study of root-stem 
transition, because at this age the primary body was fully differenti- 
ated and there was little or no development of secondary thickening 
due to cambial activity. Several killing agents were used, but the 
best results were obtained with Flemming’s weaker solution. The 
usual laboratory methods of dehydrating and imbedding in paraffin 
were followed. The sections were cut to a thickness varying from 
7 win the young root to 15 w in the hypocotyl, and were stained with 
the triple stain of safranin, gentian violet, and orange. 

Gross morphology 

The ovules of Solanum melongena are campylotropous, and the 
cotyledons within the seed coats are erect with reference to the axis 
of the embryo. When proper conditions are provided, active germi- 
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nation begins in about four days. As a result of the absorption of 
water, the seed coat is split near the micropylar end. The hypocoty] 
emerges first through the split end, turning downward and differenti- 
ating the primary root. By further growth the hypocotyl partially 
withdraws the cotyledons from the seed coat, forming an arch, which 
straightens out by differential growth after it emerges from the soil. 
The seed coat adheres to the cotyledons for a few days, eventually 
falling to the ground. The 5-day-old seedling has a primary root 
approximately 4 cm. long, a hypocotyl 2 cm. long, and two cotyle- 
dons 1 cm. in length. The hypocotyl grows more rapidly than the 
epicotyl in the early stages of development, and the cotyledons are 
therefore the main photosynthetic organs during this early period. 
The Black Beauty variety is a small and straggling plant, many of 
the branches finally resting on the ground. The pubescent leaves 
are alternate, simple, lobed, oblong, oval or ovate, unequal at the 
base, acute at the apex, and varying from 2 to 6 inches in length. 


Ontogeny of root 


Studies on the development of the primary structures were made 
with young roots 3 cm. in length. Transverse and longitudinal sec- 
tions were made from the growing point to the region of maturation 
of the primary tissues. At the growing point the entire axis is pro- 
meristem. The cells are essentially isodiametric and alike; their 
walls are thin and without pits. The nuclei of the cells are large and 
the protoplasm is extremely dense, while vacuoles and intercellular 
spaces are absent. The primary meristems originating from the pro- 
meristem are not sharply marked. At about 5 mm. from the growing 
point, the regions of the stele, cortex, and epidermis are clearly dis- 
tinguishable. The epidermal and cortical cells are clearly delimited, 
while most of the cellssof the stele are still undifferentiated. Two 
glands are noticeable in the region of the pericycle. They appear be- 
fore any protoxylem or protophloem cells are differentiated, and 
predesignate the location of these elements. They lie in the pericycle 
opposite the protophloem cells, and may be similar to the “sap- 
passages” mentioned by DEBary (3) in the pericycle of primary 
tissues of the roots of the Umbelliferae. At a higher level, as the 
primary tissues reach maturation, these glands seem to be absorbed. 
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The epidermis and cortex are the first to differentiate from the 
primary meristems. The epidermis consists of a single layer of cells, 
greater in their vertical than in their radial dimension. Root hairs 
are numerous just beyond the region of elongation. The cortex sur- 
rounds the stele, and consists of a layer of parenchyma six cells in 
thickness. Its cells are arranged loosely and are much longer in their 
vertical than in their radial diameter. Large intercellular spaces are 
noticeable. The endodermis is composed of one layer of cells and is 
the innermost layer of the cortex. Its cells are somewhat longer, as 
seen in longitudinal section, than those of the pericycle, and their 
vertical dimension much exceeds the radial. The Casparian strips 
can be recognized at about 1 cm. above the root tip. The pericycle 
consists of a single layer of parenchymatous cells, and lies between 
the endodermis and the primary phloem. The protoxylem abuts di- 
rectly against it. The cells of the pericycle are also longer in their 
vertical than in their radial diameter. Lateral roots originate from 
the pericycle cells, either opposite or at a slight tangent to the proto- 
xylem points. A few of these were first observed at a time approxi- 
mately coincident with maturation of the primary xylem elements. 

The stele is a diarch, radial protostele (fig. 1). The protoxylem 
and protophloem are differentiated from the procambium simultane- 
ously, development in both cases being exarch. The protoxylem is 
composed of long, slender, annular and spiral tracheae. The first 
vessels of the metaxylem to appear are the scalariform tracheae, and 
these are followed by reticulated and pitted tracheae. Parenchy- 
matous cells separate the primary phloem groups from the diarch 
primary xylem plate. The protophioem is composed of elongated 
parenchymatous cells; the metaphloem, of sieve tubes, companion 
cells, and phloem parenchyma. 


Root-stem transition 
In studying the changes involved in passing from a diarch, radial 
protostele of the root to the bicollateral type of bundles in the cotyle- 
dons and stem, 5-day-old seedlings were used. At this age the hypo- 
cotyl was 2 cm. long and the cotyledons 1 cm. in length. In order to 
be certain of the exact location of the protoxylem points in the vari- 
ous sections with reference to the divergence of the cotyledons, whole 
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seedlings were used. By following this method the protoxylem points 
were always oriented in the same position on the slides, and less diffi- 


Fics. 1-4.*—Fig. 1, transverse section of root showing primary tissues of stele, 
X 510; fig. 2, transverse section of hypocotyl showing breaking up of diarch xylem plate 
and primary phloem groups, X 460; fig. 3, same at somewhat higher level, showing be- 
ginning of bifurcation of metaxylem and inward differentiation of phloem, X 400; 
fig. 4, transverse section of hypocotyl showing complete bifurcation of metaxylem and 
numerous internal phloem groups, X 490. 


*Abbreviations for all figures: end, endodermis; epi, epidermis; gr.pf, growing point of stem axis; 


int.ph, internal phloem; mx, metaxylem; out.ph, outer phloem; peri, pericycle; pr.ph, primary phloem; 
px, protoxylem. 


culty was experienced in following the changes taking place in the 
serial sections. 

The first indication of a change from the exarch condition begins 
very low in the hypocotyl, occurring approximately 2.25 cm. below 
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the cotyledons. All investigators to date report transition to be 
completed, either in the hypocotyl or stem axis; but in Solanum 
melongena it is completed in the bundles of the midrib of the cotyle- 
dons. The first change noted is a breaking up of the diarch xylem 
plate, forming two units of the primary xylem elements (figs. 1, 2). 
The cells in the central portion of the stele fail to differentiate as 
tracheae but remain parenchymatous. Simultaneously the two pri- 
mary phloem groups each divide into three distinct groups (fig. 2). 
There is no indication at this level of an internal phloem. At a 
slightly higher level there is a bifurcation of the metaxylem of the 
two primary xylem units (figs. 3, 4). At this level there is a lateral 
rather than a centripetal differentiation of the metaxylem. The cen- 
tral group of phloem cells shown in fig. 2 are nearer to the center of 
the axis at the level shown in fig. 3. This inward differentiation from 
both sides continues until there are numerous small groups formed 
by further division of the original phloem groups (fig. 4). Each of 
the four remaining groups of the primary phloem lying nearest to the 
metaxylem are gradually inclined in a tangential direction toward 
the position of the protoxylem points. 

At the level just below the cotyledonary plate the position of the 
protoxylem remains unchanged. The metaxylem of the two units 
has taken a position close to the periphery of the stele. The phloem 
groups are placed on both sides of the metaxylem, so that four tan- 
gentially oriented groups of primary xylem are differentiated, form- 
ing four bicollateral transition bundles. It should be noted, how- 
ever, that at this level there is no outer phloem lying directly outside 
of the protoxylem elements. 

Near the cotyledonary plate there is a gradual separation of the 
two double bundles formed by the breaking of the original diarch 
xylem plate and the reorientation of the phloem and metaxylem just 
described. One of these double units, consisting of one protoxylem 
point and its metaxylem, together with the internal and outer 
phloem groups, becomes the vascular trace of one of the cotyledons; 
and the second unit, that of the other. The protoxylem points have 
begun to change their position just below the cotyledonary plate, 
and at successively higher levels there is a gradual centripetal differ- 
entiation of the protoxylem and a centrifugal differentiation of the 
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metaxylem; but the endarch condition is not finally attained in the 
hypocotyl (fig. 5). 

At the cotyledonary plate the direction of development of the pri- 
mary xylem is still tangentially exarch (fig. 5), and there are numer- 
ous groups of internal pkloem on the inner faces of the protoxylem 
and metaxylem elements. The outer phloem, however, is present 
only on the outer faces of the metaxylem groups (fig. 5). At a slightly 





Fics. 5, 6.—Fig. 5, transverse section through cotyledonary plate, showing complete 
separation of two units of original diarch xylem plate, each unit consisting of protoxylem 
with its bifurcated metaxylem together with internal and outer phloem groups, X 150; 
fig. 6, transverse section through petiole of cotyledons 1 mm. above cotyledonary plate; 
primary xylem elements still exarch. 


higher level, where there is complete divergence of the cotyledons, 
the same situation obtains with respect to the phloem in the cotyle- 
donary petioles (fig. 6). The protoxylem and metaxylem are shifting 
their position; however, the former is developing adaxially with 
reference to the upper surface of the petiole, and the latter, abaxially. 

The transition beyond the cotyledonary plate was followed in the 
petiole and midrib of one of the cotyledons (the illustrations are ori- 
ented so that the adaxial surface of the petiole and lamina are to- 
ward the top of the page). At successively higher levels the change 
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2 from the exarch to the endarch condition is accomplished gradually 
(figs. 7-10). The protoxylem differentiates adaxially, and finally 
assumes a position nearer to the upper epidermis than the metaxy- 
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Fics. 7, 8.—Transverse sections through petiole and lamina of cotyledon at succes- 
sively higher levels; protoxylem differentiates adaxially and metaxylem abaxially until 
endarch condition is established (adaxial surface of petiole and lamina toward top of 
page). 


lem. At the same time the metaxylem differentiates abaxially until 
the endarch condition is completely established (figs. 9, 10). 

The internal phloem groups are numerous in the hypocotyl and 
petiole of the cotyledon. These groups gradually decrease in number 
in the bundle of the midrib until only one group remains opposite 
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the inner face of the protoxylem (figs. 9, 10). The outer phloem, 
lying opposite the outer faces of the two metaxylem groups, differ- 





Fics. 9, 10.—Transverse sections through petiolar bundle at still higher levels in 
which endarch condition is established (adaxial surface of petiole and lamina toward 
top of page). 
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entiates toward the position originally occupied by the protoxylem 
point. These outer phloem groups are best illustrated in fig. g. It 
will be noted that they incline progressively nearer one another 
until there is complete union of the two groups. The bicollateral con- 
dition is thus established. 

The foliar traces in the first internode are completely endarch, 
and differentiate against the vascular elements of the hypocotyl 
slightly below the cotyledonary plate. 


Discussion 


The method of root-stem transition in Solanum melongena agrees 
in general with the findings of Miss K1nc for the tomato. She did 
not follow the transition into the cotyledon, but found it almost com- 
pleted at the cotyledonary plate. At this level in S. melongena the 
development of the primary xylem is stiil tangentially exarch. Her 
findings with respect to the behavior of the primary phloem groups 
in the tomato agree with the results of the writer. In working 
with the potato, ARTSCHWAGER found that the two primary xylem 
groups begin to swing outward, ‘‘one following a left, the other a 
right curve.’’ The writer found no suggestion of this method in S. 
melongena. Instead of the two primary xylem groups following dif- 
ferent curves, there was a bifurcation of the metaxylem. ARTSCH- 
WAGER’S findings with respect to the phloem agree with those of 
the writer. 

With respect to the origin of the internal phloem, the writer agrees 
with those investigators who believe that the internal phloem passes 
out and unites with the external phloem in the root. 


Summary 


1. In Solanum melongena, the primary meristems, calyptrogen, 
dermatogen, plerome, and periblem originating from the promeri- 
stem are not clearly differentiated. 

2. The epidermis consists of one layer of cells from which root 
hairs arise; the cortex consists of six layers of parenchyma cells; and 
the endodermis and pericycle each consist of one layer. Lateral roots 
originate from the cells of the pericycle. 

3. The stele of the primary root is a diarch, radial protostele. 
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4. Root-stem transition begins very low in the hypocotyl. The 
first change noted is a breaking up of the diarch xylem plate and 
the two primary phloem groups, forming two units of the primary 
xylem and phloem. At a higher level there is a bifurcation of the 
metaxylem and an inward differentiation of two of the phloem 
groups. 

5. Near the cotyledonary plate there is a separation of the two 
double bundles formed by the breaking of the original diarch xylem 
plate. One of these double units becomes the vascular trace of one 
of the cotyledons, and the second unit, that of the other. 

6. By inward differentiation and further division, several small 
primary phloem groups finally come to lie opposite the inner faces 
of the primary xylem elements. The four remaining groups lying 
nearest to the metaxylem are gradually inclined in a tangential direc- 
tion, eventually lying on the outside of the original position of the 
protoxylem points. This development continues until the bicol- 
lateral condition is established. 

7. The endarch condition is not attained in the hypocotyl but in 
the midrib of the cotyledon. 

8. The foliar traces in the first internode are completely endarch, 


and differentiate against the vascular elements of the hypocotyl 
slightly below the cotyledonary plate. 


Grateful acknowledgment is made to Dr. H. E. HAywarp for 
valuable suggestions and criticisms during the progress of this work. 
N. C. COLLEGE FOR WOMEN 
UNIVERSITY OF NORTH CAROLINA 


GREENSBORO, N.C. 


[Accepted for publication May 22, 1931) 
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PENETRATION OF SEED COATS BY ULTRA- 
VIOLET RADIATION! 
CHARLES A. SHULL AND HARVEY B. LEMON 
(WITH PLATES V, VI) 
Introduction 

The importance of radiations of various wave lengths to plant 
and animal organisms has been recognized for many years. During 
the early period of investigation of radiation effects, attention was 
centered mainly upon the infra-red and visible radiations, which were 
known to affect profoundly the metabolism of organisms, particu- 
larly plants. 

During more recent years, with the development of means of 
producing ultraviolet radiation and X-rays easily, great interest has 
been manifested in the destructive and the stimulatory effects of these 
shorter electromagnetic waves. With the discovery that phosphorus 
and calcium metabolism of animals can be modified by direct ir- 
radiation of the body, or even by feeding irradiated foods, and that 
radiations of certain wave lengths can be used to increase the rate 
of mutations in animals and plants, the physiological significance of 
radiations of all kinds has captivated the imagination, not only of 
biologists and physicists, but of people generally. 

The relative ease with which short ultraviolet radiations are ab- 
sorbed is well known. The value of these rays as photochemical 
reagents depends upon this ready absorption. The opacity of mate- 
rials generally to the shortest ultraviolet has made it extremely 
difficult to study the effects of these radiations. Even gases and 
liquids quite transparent to visible light absorb the shortest waves; 
and the limit of solar ultraviolet seems to be set by the absorption of 
the rays by certain gases in the upper regions of the atmosphere, 
notably ozone 

In a general way, two physiologically different regions of ultra- 
violet have been recognized, the abiotic or destructive region, and 

* This investigation was aided in part by a grant to the University of Chicago from 
the Rockefeller Foundation. 
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the biotic or biologically valuable region. The abiotic rays are the 
shorter ones, and the biotic rays are the longer. To ordinary plants 
the ultraviolet of sunlight is not harmful, nor does it seem to be 
useful, since plants have been grown very successfully without 
it (10). But some types of bacteria are killed by exposure to direct 
illumination. It must be clear that in order to determine the phys- 
iological effects of the ultraviolet radiations, one should have con- 
trol of both the range of wave lengths and the intensity of the radia- 
tions. The common practice of using the open arc of the carbon lamp, 
or the complete range of the mercury arc, is open to grave criticisms. 
In such sources the possibly stimulative rays and the destructive 
rays are present together, and the harmful radiations usually mask 
the physiological effects of the longer rays. Under these circum- 
stances one usually finds that the ultraviolet is harmful, or at least 
not beneficial. But screening out the abiotic rays, and controlling 
the intensity of the biotic rays, or separating them into individual 
bands, should make possible some real advance in the use of these 
radiations for modifying the metabolism of organisms. 

Of just as great importance as the separation of the rays and con- 
trol of intensity is the problem of the depth of penetration of the 
various regions of the ultraviolet spectrum. Most investigations 
have been made without the slightest knowledge of the penetra- 
bility of the materials, and with the general assumption that ab- 
sorption occurs in the superficial layers of cell walls or protoplasm, 
and that deep-seated efiects are not to be expected. While it has 
been easy to determine the range of wave lengths produced by the 
ultraviolet source, it is more difficult to determine the range of 
wave lengths which penetrate a given tissue, and to what depth 
each wave length penetrates. 

Dry seeds have been treated with the mercury arc ultraviolet for 
as long as 188 hours without producing a noticeable effect on the 
subsequent germination of the seeds or on the growth of the seedlings 
after germination (9). Is this due to lack of sensitiveness of the 
protoplasm of the embryo in the dry, dormant state, or is it due to 
lack of penetration of the seed coats by the radiation? Just what 
radiations do pass through seed coats in the dry state, and how much 
more penetration occurs when they are wet? How much difference 
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is there in the penetrability of the coats of different types of seeds? 
And if the radiations do pass through the testas, how deeply do they 
penetrate the underlying tissues before they are completely absorbed? 
When a growing plant is irradiated, what range of wave lengths 
penetrates the cuticular covering of the cells? Which of the rays 
will pass through the entire leaf? If they penetrate the cuticle, but 
do not pass entirely through the leaf, just how deeply does each 
component of the wave-length range go? Correct answers to such 
questions are surely of fundamental importance, especially in the 
interpretations of results. No spectrographic records seem to have 
been made from seed coats, and no spectrograms of any kind have 
been found in the literature of plant physiology, although some 
studies have been made on leaves, as by DANGEARD (4), who de- 
scribes his results, and states that certain leaves, Tradescantia 
aurea, Pteris serratula, Selaginella kraussiana, and Panicum varie- 
gatum would transmit rays down to 253 my; others, like Adiantum 
cuneatum, Begonia rex, B. crassicaulis, and Tradescantia zebrina 
transmitted to 296-313 my; and Echeveria, Vriesea carinata, and 
Streptocar pus kewensis showed a lower limit of penetration at 366 mu. 
Even the visible rays at 404-435 my were transmitted but feebly 
in these plants. These are valuable data, and accurate measurements 
are needed on a wide variety of material. 

Some recent studies on animal tissues indicated that certain of 
the ultraviolet radiations are more penetrative to skin, etc., than 
was previously thought. The earlier statements that penetration is 
limited to a depth of about o.1 mm. were in some cases based upon 
the depth of injury. Since injuries are caused mainly by the very 
rays that are easily absorbed, it is obvious that this method of de- 
termining the penetrativeness of the ultraviolet reveals nothing 
about the penetrativeness of the biotic rays. These longer rays may 
penetrate much deeper without showing how deeply they have gone. 
The studies of Macut, ANDERSON, and BELL (6) indicated that rays 
of 313 my could penetrate the entire body wall of the rabbit. This 
work was criticized by BAcHEM (2), Hitt (5), and PEARSON and 
Gai (8); but in a more carefully controlled experiment, ANDERSON 
and Macut (1) claim to have shown by fluorescent photometry, 
and by spectroscopy, that pieces of living skin 1.2 mm. thick were 
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penetrated by radiations of 253.7-300 mu. They claim that pene- 
tration changed with death of the skin, dead skin being less easily 
penetrated than the living tissue. BAcHEM and REED (3), however, 
think there is little difference between living and dead tissues if 
they are equally hydrated. 

In view of the fact that statistical studies by MasureE (7), on 
germination of dry peas which had been treated with screened ultra- 
violet, indicated some influence upon subsequent germination, it 
was thought desirable to test the penetrability of a few seed coats. 
This paper presents the results of some preliminary tests, and does 
not attempt an exhaustive survey of the literature of ultraviolet 
penetration. 

Materials and methods 

The first attempts to demonstrate the presence or absence of 
penetration of ultraviolet were made with such resistant materials 
as mature potatoes, Jonathan apples, and leaves of Bryophyllum 
calycinum. Some immature potatoes with thin skins were used, also. 
The tests of seed coats involved the testas of peanuts, corn, peach, 
and cocklebur seeds. The corn and cocklebur seed coats are more or 
less translucent, while those of the peach and peanut are of heavier 
texture, more deeply pigmented, and. more opaque to the visible 
rays. The results will probably apply to a rather wide range of ma- 
terial having seed coats of similar composition, texture, and density 
of pigmentation. 

The potatoes, apples, and Bryophyllum leaves were exposed at a 
distance of about 20 cm. for 6 hours to the full range of the mercury 
arc from a Victor Uviarc laboratory outfit. The lamp was measured 
for its energy rate, which was found to be 105 watts. The intensity 
of the radiation cannot be stated in terms of candle-meter-second 
units, but a caesium-coated photoelectric cell indicated that the 
intensity of the radiations to which the cell was sensitive was ap- 
proximately one-fifth as great when the G586AW screen was used as 
when the open arc was used. Individual lamps probably vary con- 
siderably in the intensity of radiations produced. 

The spectrographic records reproduced in figs. 1-5 are all of pene- 
tration of seed coats. These spectrograms were made with an Adam 
Hilger type E3, which records the spectrum from 2100 to 7000 A. 
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units. The photographic plates used were Wratten panchromatics, 
10 inches in length, and the developer was bromided glycine. 

The light source for figs. 1-4 was an Hanovia ultraviolet lamp. 
The seed coat membranes were removed from soaked seeds, trimmed 
carefully to avoid membrane defects, and dried flat with slight pres- 
sure. These membranes were placed in front of the slit of the spec- 
trograph, and the radiations of the lamp focused upon the spectro- 
graph slit by means of a simple quartz condenser. The exposure time 
was from 10 to 60 minutes. In some cases photographs were made 
with the membranes wet during exposure. 

The photograph reproduced in fig. 5 was obtained by using the 
continuous ultraviolet spectrum of hydrogen. The source lamp 
in this case was a simple Geissler tube, filled with pure electro- 
lytically produced hydrogen at a pressure of about 15 mm. One end 
of the Geissler tube is provided with a quartz window, through 
which the ultraviolet radiations were projected through the con- 
densing lens upon the membrane. The hydrogen was rendered lu- 
minous by excitation from the secondary of an open core transform- 
er, the primary of which was connected to 11o-volt AC mains. 
The current was regulated by means of a rheostat. The exposures 
in this case were only one hour, and this was too short for the best 
results. It would probably require several hours for clear results 
with the hydrogen lamp. In many ways the hydrogen lamp is the 
more desirable source of radiations, since it permits one to determine 
the penetration of all wave lengths, and not merely of those bands 
which occur in the mercury spectrum. Also, if absorption bands oc- 
cur in the ultraviolet range, the continuous spectrum would reveal 
the absorption, while the mercury spectrum might easily fail to 
show absorption bands. The main disadvantage is the long time pe- 
riod required for making good photographs with the hydrogen arc. 
To save time, the mercury arc was used in most of these tests. 


Results 


The experiments with potatoes, apples, and Bryophyllum calyci- 
num leaves gave negative results. When they were treated with in- 
tact external structures, no injuries developed, either during or sub- 
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sequent to the exposure to six hours of radiation. Lack of injury 
may indicate that the shorter injurious rays did not pass through 
the cutinized or suberized surfaces, but there is nothing to indicate 
whether the longer harmless waves penetrated, or how deeply they 
may have gone. 

Some of the potatoes were cut in two, and the cut surfaces exposed 
to the radiations. Eosin was used as a stain for detecting death of 
cells. These tests at the time were considered negative; but 24 hours 
after treatment, it was found that the exposed surfaces had turned 
black from the tyrosin-tyrosinase reaction which occurs in the dead 
cells of the potato. On cutting the pieces perpendicularly to the 
exposed surfaces, it was found that the blackened tissue had an 
average depth of 1 mm., and a maximum depth at one point of 3 
mm. If death of the tissue in this case could be ascribed with cer- 
tainty to the ultraviolet radiations, it would indicate penetration of 
harmful rays to a depth of 1-3 mm. The results give no information 
as to the penetration of the longer ultraviolet waves, and because 
of certain drying effects it cannot be said with certainty that the 
observed death of tissues below the cut surfaces was caused by the 
shorter ultraviolet, even though it may have been so caused. 

It was then decided to make some spectrographic studies with 
membranes such as seed coats. Fig. 1 shows the results obtained 
with four specimens of seed coats from Xanthium italicum. The 
first and third spectra are of the mercury arc, exposed for 20 seconds. 
Between these two is a spectrogram of the first specimen, exposed 
for 45 minutes. Below the second arc spectrum are three others 
exposed for the same length of time. The last of these was kept wet 
during the exposure. The bands of the mercury spectrum between 
3900 A. (the limit of visibility) and 3630 A. have penetrated the 
coats readily, and in the original plate there is some evidence of 
penetration to 3520 A. All radiations shorter than this seem to have 
been absorbed by the coats. Wetting the coats made but little dif- 
ference with the penetration range, although in some cases the 
intensity of penetration seemed to increase with the moisture con- 
tent of the membranes. In fig. 1, however, there is little difference 
to be seen between no. 5, a dry specimen, and no. 6, which was wet. 
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In fig. 2 is presented a spectrogram made through the seed coats 
of the peanut. The only ultraviolet bands which show clearly in the 
photographs are those at 3620-3650 A., although there is a faint 
record of the band at 3120 A. in specimen no. 2. The Hanovia arc is 
from a 30-second exposure. 

The most interesting record was obtained from corn grains, as 
shown in fig. 3. The Hanovia arc, 20-second exposure, is shown next 
to the scale. The first three spectrograms were taken through coats 
from the embryo side of the grain, and the last three through coats 
taken from the side opposite the embryos. Each exposure was for 
10 minutes, and the third and sixth photographs were taken through 
wet coats. It is evident at once that the coats are more penetrable 
over the embryo face of the grain than over the reverse side. The 
coats from the embryo side of the grain have permitted all bands to 
penetrate to the 3630-3650 A. region, with traces in the original 
plate of penetration at 3525 A.; while the heavier coats from the 
backs of the grains absorb all radiations shorter than 3760 A. In 
these cases wetting does not appear to have increased the pene- 
trability of the coats. 

The spectrograms shown in fig. 4 were made through peach seed 
coats. The first spectrogram next to the scale was taken with a dry 
coat, and with the vascular elements of the seed coat parallel to the 
spectrograph slit, while the second one was made with the vascular 
elements transverse to the slit. The third one was transverse also, 
but with the coat wet instead of dry. The exposure time for all of 
these was one hour. The arc itself is shown below, with 15 seconds’ 
exposure. While the two dry specimens do not show penetration 
beyond about 3620 A., the wet coat permitted radiations as short 
as 3020 A. to penetrate feebly. In contrast to the results with corn 
seed coats, this is a clear case of moisture increasing the penetra- 
bility of the membranes. 

The only record made with the continuous hydrogen spectrum is 
shown in fig. 5, which shows the results obtained with a 60-minute 
exposure with peanut coats. The first five tests were with dry coats, 
the last one with a wet coat. In the first specimen the radiations 
have penetrated to about 3030 A., and in the sixth to about 3120 A. 
The other records are too faint to show in the reproduction. 
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Discussion 

The results, taken as a whole, show that seed coats allow only the 
longer ultraviolet radiations to penetrate. The lowest limit of trans- 
mission shown by any of the seed coats tested is at about 3020 A., 
and penetration of rays shorter than 3630 A. is always feeble. Under 
these circumstances one would not expect ultraviolet radiation of 
seeds to produce injurious effects. On the other hand, the longer 
radiations do penetrate, and there is the possibility of stimulative 
action of irradiation such as MAsuRE (7) seems to have found in the 
case of peas. It should be remembered in this connection that the 
main ultraviolet bands transmitted by the G586AW screen used by 
MAsvre are those at 3630-3650 A., which are the main bands trans- 
mitted by the seed coats. 

The seed coats used in these tests are somewhat representative 
of seed coats in general, although none of the heavy coats, such as are 
found on some of the larger legumes, peas and beans, have been 
tested. It is not desirable to draw conclusions on any broader scale 
than the material used warrants. There is some variability in the 
penetration; and the case of membranes of the corn grain is interest- 
ing, showing as it does that different portions of the same seed coat 
are not alike in penetrability to radiations. These coats are usually 
considered to be non-living, and are therefore probably less pene- 
trable in some cases than living membranes would be, on account of 
reduced hydration. 

It is evident that such membranes as seed coats are to be looked 
upon as natural screens, with properties similar to the artificial gela- 
tin and glass screens which are being used to restrict the range of 
wave lengths used in experimental work. All wave lengths longer 
than a certain minimum are able to penetrate, but the minimum 
varies with the individual membranes. Properly selected, one should 
be able to obtain a series of screens, of shorter and shorter range of 
the ultraviolet, among plant membranes. It seems doubtful whether 
any seed coats will transmit the rays shorter than the ultraviolet 
of sunlight. 

It should be emphasized again that measurement of the depth, 
wave-length range, and intensity of penetration of radiations is 
fundamental to the interpretation of the results of such treatments. 
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Similar studies should be made of epidermal and other plant struc- 
tures in connection with the study of beneficial and harmful effects 
of radiation of seedlings and of mature plants. Definite progress in 
this field in the future depends very largely upon the thoroughness 
with which the conditions of experimentation are analyzed. It is 
hoped that the results here presented may prove an incentive to 
more careful studies of penetration wherever radiations are being 
employed in biological research. 


UNIVERSITY OF CHICAGO 


[Accepted for publication May 9, 1931) 
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EXPLANATIONS FOR PLATES V, VI 
Fic. 1.—Spectrograms through coats of Xanthium italicum, slit 4, large 
diaphragm: no. 1, arc of Hanovia lamp, 20 seconds; no. 2, penetration of seed 
coat, 45 minutes, dry; no. 3, arc of lamp, 20 seconds; nos. 4, 5, penetration of 
seed coat, 45 minutes, dry; no. 6, penetration of seed coat, 45 minutes, wet. 
Fic. 2.—Spectrograms through seed coats of Arachis hypogaea, slit 4, large 
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diaphragm: no. 1, penetration of seed coat, 60 minutes; no. 2, same, 60 minutes; 
no. 3, Hanovia arc, 30 seconds. 

Fic. 3.—Spectrograms through seed coats of Zea mays (Reid’s Yellow Dent), 
slit 4, large diaphragm: no. 1, Hanovia arc, 20 seconds; nos. 2, 3, 4, penetration 
of coats from embryo side of grains (nos. 2 and 3 dry, no. 4 wet), ro minutes. 
Nos. 5, 6, 7, penetration of coats from back side of grain (nos. 5 and 6 dry, 
no. 7 wet); 10 minutes. 

Fic. 4.—Spectrograms through coats of Prunus persica (Elberta), slit 4, 
diaphragm large, 60 minutes: no. 1, coat with vascular elements parallel to 
slit, dry; no. 2, coat with vascular elements crosswise of slit, dry; no. 3, same, 
wet; no. 4, Hanovia arc, 15 seconds. 

Fic. 5.—Spectrograms through coats of Arachis hypogaea with hydrogen 
source, no diaphragm, 60 minutes: nos. 1, 2, 3, 4, 5, coats dry; no. 6, coat wet. 











ACID INJURY OF COTTON ROOTS! 
J. J. TAUBENHAUS AND WALTER N. EZEKIEL 
(WITH SIX FIGURES) 

In an experiment on the relation of the soil reaction to cotton 
root-rot, caused by Phymatotrichum omnivorum (Shear) Duggar, 
containers of Lufkin fine sandy loam soil received surface applica- 
tions of various materials mostly intended to change the soil toward 
acidity or alkalinity. The upper inch of soil was removed from each 
container, the materials worked into the second and third inches of 
subsurface soil, and the untreated surface soil then replaced. Cotton 
was planted in these containers and the plants were later inoculated 
with root-rot. Soil samples were taken periodically and the hydro- 
gen-ion ‘concentration determined colorimetrically. It was found 
that in series 11, in which sulphur had been applied at the rate of 
5000 pounds per acre, the pH of the soil had changed appreciably, 
but that this change occurred only in the upper 2-8 inches of sub- 
surface soil (table I), while the deeper soil remained at a pH of 
733-700: 

Although none of the plants in the containers of series 11 was 
attacked by root-rot, a new type of root injury was noticed, par- 
ticularly when the cotton plants were pulled from all the containers 
for final examination at the end of the season. The upper parts of 
the tap roots were found to be peculiarly swollen and cracked (figs. 
I-4), suggesting somewhat the effects of crown gall, while the roots 
of plants in the untreated soil in the check containers were normal 
except for plants infected with root-rot. Series of petri dish isolations 
were made, both from the injured and the sound tissues of the swollen 
roots from the sulphur-treated containers, but no growth appeared 
from any of the bits of tissue. The swelling and cracking of the 
cotton roots in the sulphur-treated soil was therefore probably due, 
not to any pathogenic organism, but rather directly to the excessive 
soil acidity brought about by the oxidation of the sulphur. This con- 

* Published with the approval of the Director as Contribution no. 157, Technical 
Series of the Texas Agricultural Experiment Station. 
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Fics. 1-6.—Roots of cotton plants with acid injury: fig. 1, general view showing 
location of affected areas; figs. 2-4, enlarged views of affected areas, showing various 
amounts of cracking; fig. 5, cross-sections through single affected root, showing extent 
of injury in different portions of injured area; fig. 6, slight injuries (indicated by arrows) 


on root taken from naturally acid soil in field. 
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clusion was supported further by the fact that the injury of the roots 
occurred in general at the same depth as the more highly acid soil 
layers (table I). 

Acid injury from sulphur was observed again in an experiment in 
which various commercial sulphurs were applied to soil in small 
metal containers.? Sulphurs were applied in various series at 5000, 
10,000, Or 15,000 pounds per acre, after the containers were filled, 


TABLE I 


ACIDITY OF SOIL OF VARIOUS DEPTHS IN EXPERIMENTAL 
CONTAINERS, REPRESENTATIVE OF SERIES II, AS RE- 
LATED TO LOCATION OF INJURED PORTIONS OF COTTON 
ROOTS 














CONTAINER B. scour PH READINGS INJURY TO ROOTS 
(o-1 7.4 None 
| 1-2 4.3 Slight swelling 
2-3 4:5 Swollen and cracked 
- }3-4 3.0 Swollen and cracked 
4-5 3.0 Slight swelling 
5-6 3.0 None 
6-7 | 24 None 
7-8 | 4.9 None 
| for | 4.9 None 
| |1-2 3.7 Slight swelling 
| ja-3 | 3.0 | Swollen and cracked 
: | J3-4 | 3.0 Swollen and cracked 
11C€ ae eile ns ; < 
| jas | 2.3 Slight swelling 
| js-6 | 4.3 None 
| |6-7 5.2 None 
| Vs | 5.0 | None 





and incorporated with only the surface 1 or 2 inches of soil. Cotton 
was planted and the plants inoculated with root-rot. At the end of 
the season all plants were pulled for examination of their roots. It 
was found that many of the dead plants had succumbed from acid 
injury, as evidenced by the characteristic enlarged cracked regions 
and the absence of Phymatotrichum strands or other symptoms of 
root-rot. Plants with acid injury were more abundant in the series 
with higher rates of application of sulphur than in those receiving 
5000 pounds per acre; and, as shown in table II, were more abundant 


2 EZEKIEL, W. N., TAUBENHAUS, J. J., and CARLYLE, E. C., Soil-reaction effects on 
Phymatotrichum root-rot. Phytopath. 20:803-815. 1930. 
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in the series in which the soil actually became highly acid than in the 
series of less acid soils. Significant percentages of plants were killed 
by acid injury in the soils as acid as pH 3.0. Since the pH values for 
this series were obtained by colorimetric determination from soil 
samples which included the entire depth of soil in the containers, it 
is probable that the soil at the depth at which injury occurred was 
actually even more acid than indicated by the composite soil 
samples. 

During 1927, and again during 1928, 1929, and 1930, acid injury 
to cotton roots was observed in sulphur-treated plats at College 


TABLE II 


ACID INJURY OBSERVED ON COTTON PLANTS GROWING IN 
SMALL CONTAINERS OF CROCKETT CLAY LOAM SOIL MA- 
TERIAL TO WHICH SULPHUR WAS ADDED; RESULTS AR- 
RANGED BY AVERAGE PH OF SOIL WITHOUT REGARD TO 
TYPE AND AMOUNT OF SULPHUR 


ACID INJURY OF PLANTS 





PH oF SOIL NUMBER 
) eee Percentage | Percentage 
injured killed 
| : hi 

2.1-2.5 ee 4I 75 } 17 
2.6-3.0 103 31 8 
3.1-3.5. ghealaielice 73 12 3 
SHB 6i:4 535 6 Savin 62 40 2 
4.6-5.0 sey 15 ° ° 
5.2-6.0 (checks)..... 45 ° ° 








Station and in various field experiments carried on by Mr. H. E. 
REA of Substation no. 5. The symptoms in all cases were the same 
as those originally found in the sulphur-treated containers during 
1927. 

A few cases of much less severe injury, although apparently of a 
similar type, have been found on cotton plants grown in the local 
Lufkin fine sandy loam soil without any artificial acidification. 
Localized, unusually large calluses were found on the tap roots of 
some plants growing in the more acid part of an experimental field 
(fig. 6); and dark, somewhat cracked, gall-like excrescences occurred 
on plants grown in containers of surface soil material, of pH 6.1. 
These swellings may have resulted from excessive callusing follow- 
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ing injury during cultivation, and apparently were not severe 
enough to interfere with good growth of the plants. In the experi- 
ment mentioned, injury of this sort did not occur in the plants in the 
four remaining series, in which soils with higher pH values were 
used. 

DESCRIPTION OF INJURY.—Roots of cotton plants are sometimes 
injured by excessive acidity without noticeable symptoms appearing 
above ground. In more advanced cases, the affected plants die sud- 
denly and thus might be mistaken for plants attacked by Phymato- 
itrichum root-rot. When the roots are examined, however, the trouble 
is readily diagnosed. When surface applications of sulphur cause the 
injury, it is confined usually to a part of the tap root shortly below 
the surface of the ground. This region is swollen, and scarified by 
superficial longitudinal cracks in the bark, extending sometimes into 
the wood (figs. 3-5). The swelling, beginning an inch or two below 
the surface of the ground, may include 2-6 inches of the tap root, 
and occasionally may involve also small parts of one or two of the 
lateral roots (fig. 1). On well developed roots, the diameter of the 
swollen area is frequently twice that of the adjacent normal part of 
the root. With younger plants the swelling of the roots may be 
slight, but such plants are more likely to die from the injury than is 
the case with older plants. Occasionally the cracks in the swollen 
part of the tap root become so extensive that the top of the plant 
falls over and snaps off. Portions of the tap roots or lateral roots 
below the swollen areas usually appear normal, at least on the sur- 
face. Sectioning affected roots either longitudinally or transversely, 
portions of the vascular tissue in the injured area were found to be 
conspicuously reddened. During dry seasons, cotton plants growing 
in acid soils may die suddenly, the tap roots in the acid layers of soil 
turning red and darkening without the swelling and cracking that 
occurs during a wet season. This reddening accompanying acid 
injury is brighter and lighter in shade than the reddish brown dis- 
coloration of the tissues characteristic of Phymatotrichum root-rot. 

It should be added that when cotton is planted in very acid soils, 
with a pH of 3.0~4.0, the seeds frequently fail to germinate or the 
seedlings die soon after germination. During wet weather the seed- 
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lings are usually attacked by various microorganisms, particularly 
Fusarium and Trichoderma. 

Histological studies of normal and acid-injured cotton roots are 
reported in the paper by GorE and TAUBENHAUS: included in this 
issue. 

Summary 

In experiments in which extreme soil acidities resulted from exces- 
sive application of sulphur, injury to cotton roots was evidenced by 
a characteristic enlargement and cracking which eventuated often 
in death of the plants. The injured areas of the tap roots were found 
to correspond to the location of the more acid layers of soil (at pH 2 
to 4). A few less severe cases were found in the field and in experi- 
ments with a soil naturally at pH 6.1. 


TEXAS AGRICULTURAL EXPERIMENT STATION 
COLLEGE STATION, TEXAS 


[Accepted for publication July 13, 1931] 


3 Gore, U. R., and TauBeNnaus, J. J., Anatomy of normal and acid-injured cot- 
ton roots. Bot. GAZ. 92:436-441. 1931. 











ANATOMY OF NORMAL AND ACID-INJURED 
COTTON ROOTS" 
U. R. GORE AND J. J. TAUBENHAUS 
(WITH TEN FIGURES) 
Introduction 

This paper reports the results of anatomical studies of acid-injured 
cotton roots. In a preceding paper, TAUBENHAUS and EzEKIEL (6) 
described a type of injury of cotton roots growing in an acid soil. 
Externally such roots appear greatly swollen, with a much broken 
bark and deep longitudinal lesions. 

it is well known that proliferations and overgrowths in plants 
may be induced by chemical stimuli. SmirH (5) produced tumors 
on cauliflower leaves by treatment with formic acid, formaldehyde, 
acetic acid, and ammonia. These tumors consisted largely of hyper- 
plasia and hypertrophy of the leaf with some killing of the cells. 
WALLACE (7, 8) found that ethylene gas may produce intumescences 
and proliferations on stems and buds of the apple. Similar results 
were obtained by Harvey and Rose (3) with low concentrations 
of ethylene gas on tomato and Hibiscus roots. LA RvE (2) reported 
intumescences on poplar leaves grown in air with a high carbon 
dioxide concentration. 

MATERIAL.—-The material used in these studies consisted of nor- 
mal and proliferated mature cottcn roots grown at College Station 
in field plats of Lufkin fine sandy loam soil, highly acidified by the 
surface application of sulphur. The degree of injury in the prolifer- 
ated material studied varied from mild proliferations to extreme 
hypertrophy. The wounded tissue was taken well below the root- 
stem transition zone. 

Sections were cut from fresh material on a sliding microtome. 
Owing to the large amount of woody tissue, this material could not 
be imbedded in paraffin with any degree of success. A combination 

* Published with the approval of the Director as Contribution no. 158, Technical 
Series of the Texas Agricultural Experiment Station. 
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stain of safranin and Delafield’s haematoxylin with iron-alum was 
used in most cases. 





sek 


shee 


ses RES se! th 


ita ad aba tat 





Fics. 1-5.*—Fig. 1, Semidiagran.matic drawing representing structure of normal 
cotton root; fig. 2, transverse section of portion of norma! xylem; fig. 3, tangential sec- 
tion of normal xylem; fig. 4, tangential section of proliferated xylem; fig. 5, transverse 
section of extreme proliferation with isolated areas of secondary xylem. 

* Photomicrographs made with 8X compensating ocular, 16 apochromatic objective and aplana- 


tic condenser, and Leitz camera. Drawings made with aid of a microprojector. 


Normal roots 
The general arrangement of the secondary tissues of a mature 
cotton root (fig. 1) bears a close resemblance to that of the basswood 
stem. In a mature normal cotton root the secondary xylem makes 
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up the greater part of the wood, the primary xylem occupying a 
small portion in the center of the axis. For convenience, the second- 
ary tissues are considered separately under a longitudinal and a 
radial system. This classification has been used by Eames and Mac 
DANIELS (1). In the xylem the longitudinal system consists of large 
. pitted vessels and wood fibers; the radial system consists of rays 
‘only, which are composed of parenchyma cells. As seen in cross- 
section, the vessels are scattered irregularly throughout the xylem, 
occurring either singly or in groups of two to four (fig. 2). All the 
vessels occurring in the stele of a normal root are shown in fig. 1. 
In tangential section the vessel appears as a continuous tube, with 
vessel segments varying in form, but frequently about twice as long 
as wide (fig. 3). The cross walls may be horizontal or at a slight 
angle. The lumina of the vessels frequently contain conspicuous 
tyloses. The pits are of the bordered type. The fiber is typical 
wood fiber, with thick walls, tapering ends, and bordered pits. The 
xylem rays are one to four seriate and many tiers of cells deep 
(fig. 3). 

The longitudinal system of the secondary phloem consists of regu- 
lar areas of sieve tubes and companion cells alternating radially with 
groups of phloem fibers. The radial system consists of vascular rays, 
outside the cambium, which appear in transverse section greatly 
broadened in the outward direction, forming wedge-shaped areas. 
The two types of wedge-shaped areas alternate with each other 
tangentially, the rays filling the space intervening between the re- 
gions of the longitudinal system, as shown in fig. 6. Phloem rays, 
only a few cells in width, may subdivide these regions of the longi- 
tudinal system (fig. 6). This increase in the external portion of the 
phloem rays is the result of cell division, together with an increase 
in the tangential dimension of the cells. Widening of the outer por- 
tion of the phloem rays in this way allows for a uniform increase in 
diameter of the root without causing breaks in the phloem. A cork 
cambium arises in the outer region of the pericycle, and by repeated 
division it produces a periderm of the usual type, consisting of many 
layers of protective cork cells. Resin glands similar to those found 
in the stem, leaves, and seed, are found also in the phloem rays of 


the root. 
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Acid-injured roots 


When cotton is grown in soil with a pH of 3.0-4.0, the cells of the 
vascular rays are stimulated and become meristematic. The cam- 








Fics. 6-10.—Fig. 6, transverse section of normal phloem; fig. 7, transverse section 
of proliferated phloem and periderm; fig. 8, radial section of normal phloem and 
periderm; fig. 9, radial section of proliferated phloem with resin glands; fig. 10, trans- 
verse section of proliferated rays with isolated area of primary xylem. 


bium and the pericycle also become stimulated, with the result that 
they produce an abnormal amount of new tissue. The combined 
stimulation of these parts results in enormous hypertrophies of the 
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root. It is well known that such ground tissues as pith, medullary 
rays, cortex, and epidermis become meristematic under certain con- 
ditions, and Ktster (4) states that the epidermis proliferates least 
readily and lignified cells such as vessels and wood fibers do not 
produce new cells. 

The nature of the proliferations in the cotton root was found to 
vary with the severity of the acid injury. In mild cases of injury 
only the phloem region is affected, while in more severe cases both 
xylem and phloem are involved. At first the original phloem is ap- 
parently killed and cut off from the inner tissues (fig. 7). These 
cells become compressed, forming a protective layer for the tissues 
underneath. That this brown corky layer is phloem can be recog- 
nized easily in cross as well as in longitudinal sections. Just under- 
neath this layer of functionless phloem, several new layers of cork 
are produced, apparently by a new cork cambium. The cambium 
produces new phloem and new phloem rays which are regular in their 
arrangement. In severe cases all of these cells are parenchyma with 
few sieve tubes and phloem fibers (fig. 9). The division of the cork 
cambium also forms a layer of cork many times thicker than the 
cork of the normal root (fig. 7). The total thickness of the phloem 
is also greater. 

In many instances of mild proliferation large masses of parenchy- 
ma cells have been found imbedded among the elements of normal 
xylem (fig. 10). These masses are formed by excessive division of the 
xylem rays. In extreme proliferations, areas of normal xylem are 
found to be completely separated by parenchyma formed in the 
same manner (fig. 5). In either mild or extreme proliferation, the 
cells of the cambium divide excessively and produce xylem and 
phloem containing variable quantities of the usual elements. The 
xylem and phloem are abnormal in that they may be several times 
their usual thickness. 

Proliferated xylem in contrast to normal xylem shows shortened 
and distorted vessel segments, as well as a decrease in the number 
of vessels (fig. 4). Wood fibers are pushed out of their normal posi- 
tion. The proliferated cells of the xylem rays are thin walled and 
nearly isodiametric. The cells of the proliferated phloem rays are 
very similar, except that they are not quite so uniform. Tyloses are 
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often found in the vessels of the proliferated tissue, but apparently 
they are no more abundant than in normal tissue. 


Summary 

Marked proliferations of acid-injured cotton roots were found to 
arise from cell division of the ray cells of the xylem and phloem, 
and from a stimulation of the cambium and phellogen. The original 
phloem may be killed and become functionless. New phloem is 
produced which may contain the same elements although in varying 
proportions. The proliferated cells are generally thin walled par- 
enchyma cells varying somewhat in size and form. Tyloses were 
present in both cases, but do not seem to be related to acid injury. 


TEXAS AGRICULTURAL EXPERIMENT STATION 
COLLEGE STATION, TEXAS 


[Accepted for publication July 13, 1931) 
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STUDIES IN SUGAR CANE PHYSIOLOGY! 
II. SUGAR CANE GASES 
AuGuUSTO BONAZZI 
(WITH TWO FIGURES) 


It is a known fact that when a sugar cane is cut so as to expose the 
young reserve parenchymatous tissues to the air, these tissues soon 
change, first to a reddish color and later to dark brown to black. 
This discoloration is especially pronounced in the upper or younger 
portion of the cane. 

During a study of the mechanism of this discoloration, and in con- 
nection with the localization of growth centers in the apical portion 
of the cane, it was found necessary to inquire into the composition 
of the gases which are found in these tissues. This paper summarizes 
some of the determinations made in this connection during the past 
few years. 

Pieces of sugar cane, cut under water, and made of appropriate 
size, still under water, were introduced as soon as cut into a con- 
tainer (fig. 1A) filled with water and connected through a mercury 
pump (B) to a gas reservoir filled with washed mercury. By means 
of the mercury pump a vacuum was made in A, whereby all the gases 
contained in the tissues escaped as bubbles and collected in the neck 
of A, whence they were driven to the reservoir C. This operation was 
repeated until the tissues released no more gas or only a very in- 
significant quantity of it. Heat was used in expelling all traces of 
gas in the container A. The contents of C were then transferred to 
the gas burette D and submitted to analysis. 

During the first part of this study, a burette holding 1.5 cc. of gas 
was used for the analysis; later, when the amount of tissue derived 
from the more basal portions of the cane was such as to yield greater 
quantities of gas, a burette was used which contained 11.5 cc. 
Alkaline pyrogallol and phosphorus were used at various times for 
the absorption of oxygen, while for the absorption of carbon dioxide 


«Contribution from the Chemistry Laboratory of the Estacién Experimental 
Agronémica, Santiago de las Vegas, Cuba. 
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a solution containing 127 gm. of potassium hydroxide in 64 gm. of 
water was adopted. The accuracy of the apparatus and reagents 
was frequently checked with outside air. No determination was 


made for other gases. 
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Table I summarizes the results obtained on direct analysis, cor- 
rected to o° C. and 760 mm. barometric pressure. 

Little needs to be added to what is already known relative to the 
gas changes induced by respiring plants in their gaseous environ- 
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ment. It is significant, however, that tissues of the plants them- 
selves, in this case sugar cane, are subject to deep seated modifica- 
tions in the percentage composition of the tissue gases. Recently 
GAERLAN,’? studying the composition of the gases held in the inner 
chamber of bamboo stalks, found the air therein to have a relatively 
high carbon dioxide and a low oxygen content. The actual composi- 
tion of the gaseous mixture varied with the time of day. In the 


TABLE I 


DIRECT ANALYSIS; TIME OF DAY, P.M. 


PERCENTAGE COMPOSITION 








No. OF PORTION OF CANE WHENCE TISSUE = 
OBSERVATION | WAS DERIVED 
CO, 0: 
Eick aenees | 50.59 0.71 
2 . 51.0 | I.O1 
Apical buds 3 cm. long | as e 
5. eae vo e| | 00.54 0.59 
Bian eo J } 58.75 1.19 
5 ....| Apical buds and 5 internodes} 35.52 9.36 
12 cm. long 
Dies opareute 17.23 Ig.7I! 
: Ce f Median internodes 30 cm. long 17.44 16.48 
Rises aoe ken d 772 12.78 
( : 8.07 is. 
) Basal internodes 30 cm. long miss: 3 4 
"Vane , 7-39 15.07 











Summary of results 


| Apical buds.... Ree ie 53.23 0.87 
| Subapical internodes. .... 5-52 9.30 
| Median internodes........ 7540 | 16.32 
| Basal interoedes. ......0.65..5. 9a | THK 





present study it was found that the relative abundance of oxygen in 
the tissues of sugar cane apparently varies inversely with growth 
capacity of the tissues themselves, moisture content of the bud 
tissues, and their cryoscopic coefficient.s It is therefore apparent 
that these differences in germinative capacity of the tissues are closely 
connected with the differences in gaseous composition just mentioned. 

By splitting sugar canes longitudinally at different stages of 
maturity and flooding the cut surfaces with guayac tincture, it is 
possible to localize, in a rough way, the oxidizing enzymes. Invari- 

? GAERLAN, S. A., Philip. Agric. 14:557-567. 1926. 

3 Bonazzi, A., Planter and Sugar Manuf. 29: September. 1928. 
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ably a deep blue color, indicative of these enzymes, manifests itself 
in the apical tissues immediately after addition of the reagent, 
whereas only a faint blue coloration 
shows in the tissues of the median and 
basal portions, and that after a much 
longer lapse of time. This is illustrated 
in fig. 2 (stippling indicates guayac re- 
action), which shows a young develop- 
ing cane sprout (A) still attached to its 
underground rhizome, with several buds 
in process of germination at its base; and 
a fully mature cane stalk (B) separated 
from its underground portion, with many 
resting buds in its median and basal por- 
tions. Evidently the younger the tissues 
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{ the greater is the content of oxidases, the (J 16 
greater the consumption of oxygen (prob- | = 
ably a high reduction potential), and 
the more abundant the elimination of {jis 











carbon dioxide which, accumulating in 
the tissues, leads to the results indicated. 
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The internal environment of the young on {20 
growing tissue, therefore, is greatly dif- ‘ at a 
ferent from that of the more mature por- 4 
tions, situated as these are in a medium 122 
much richer in oxygen. 23 
It may be mentioned in passing that, Lla4 
as a result of these studies, it is evident 25 
that any investigation on the activities “ 
j of parasitic forms (such as the sugar cane 28 
mosaic) which pass part if not the greater 
portion of their life cycle in the apical and 
rapidly growing portions of the plant, A B 


should be conducted, not only in a gase- Fic. 2 
ous environment of low oxygen tension, but of a high carbon diox- 
ide tension. 


Estact6N EXPERIMENTAL AGRONOMICA 
SANTIAGO DE LAS VEGAS, CUBA 











NEEDLE STRUCTURE AS AN AID IN DISTIN- 
GUISHING COLORADO BLUE SPRUCE 
FROM ENGELMANN SPRUCE 
H. F. Marco 
(WITH SIX FIGURES) 


Picea pungens Andre and P. engelmannii Engelmann are essen- 
tially Rocky Mountain species, growing in rather definite altitudinal 
ranges. Difficulty is often experienced in distinguishing between 
these two trees when they are found out of their natural habitat 
and also in that small zone where their ranges overlap. This diffi- 
culty is more pronounced in ornamental specimens. The needles 
in both species are awl-shaped or quadrangular in transverse sec- 
tion, and vary in color from dull grey-green or blue-green to silvery 
white, the latter being more characteristic of Colorado blue spruce. 
In both trees the needles extend from all sides of the twig, but in 
Engelmann spruce the angle of growth and the arching are such 
that a somewhat flattened spray results. In contrast, the needles of 
Colorado blue spruce bristle from all sides of the twig, are stiffer, 
and more keenly pointed than those of Engelmann spruce; in both 
species they are about 1-2 cm. in length. The twigs of Engelmann 
spruce are moderately stout and are usually darkly pubescent for 
the first two or three years; in comparison those of the other species 
are stout, rigid, and glabrous. These external features are often un- 
reliable in young trees, and it is sometimes difficult to distinguish 
seedlings of the two species. 

Transverse sections of ‘he needles of both species have the fol- 
lowing anatomical features in common: an epidermis of the usual 
type, consisting of a single row of cells; a hypoderm of a single layer 
which becomes two- to three-layered in the angles of the needle; a 
circular endodermis of cells approximately equal in size but variable 
in wall thickness;' and two fibrovascular bundles. Resin canals also 

* The relative thickness of the inner and outer walls seems to vary somewhat with 


the locality; this is especially striking when material from the west is compared with 
eastern-grown stock. 
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Fics. 1-6.*—Figs. 1-3, cross-sections of needles of Engelmann spruce: 1, upper 
portion of needle showing no resin canals; 2, half way down from tip of needle showing 
one resin canal; 3, basal section showing two resin canals. Figs. 4-6, cross-sections of 
needles of Colorado blue spruce: 4, showing presence of one canal; 5, section half- 
way down from tip of needle showing absence of resin canals; 6, basal section with 
two resin canals. 


* Photographs made from slides stained with Bismarck brown (in 70 per cent alcohol). 
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occur externally in the mesophyll or green tissues of both species, 
and are of primary importance since they furnish a means of differ- 
entiation. 

The results here reported are based on a study of approximately 
go needles of Engelmann and Colorado blue spruce respectively, 
taken from different places in the crown of several trees growing 
locally (Syracuse, New York), and also of a like number taken in a 
similar manner from two trees of each species at stations in central 
and southern Colorado. 

SARGENT (1) by illustration, and SupworTH (2, 3) by description, 
indicate that but one resin canal is evident in the needles of Colorado 
blue spruce, and that this is located in one of the angles, while 
resin canals are wanting altogether in the leaves of Engelmann 
spruce. This study has shown that this statement is incorrect, 
since resin canals occur in both species. These are not of the usual 
type found so universally in pine needles, however, but consist of 
longitudinal series of short cavities (cysts), separated by partitions 
of mesophyll. It is therefore understandable why transverse sections 
taken at random through the needles of these species may fail to 
show canals. Figs. 1-6, showing transverse sections taken at differ- 
ent heights in the same needle, illustrate this situation. The vertical 
distribution of these “‘short’’ canals in the needles was followed by 
making serial sections 1 mm. apart from the base to the apex. Since 
canals were wanting in most instances in the upper half of Engelmann 
spruce needles, while one or more were invariably present in the 
Colorado blue spruce, this difference seems to offer a rather reliable 
means for distinguishing these two species, provided a number of 
needles are available for sampling. 

In summation, the needles of both Engelmann and Colorado blue 
spruce contain ‘‘short”’ resin canals, arranged in longitudinal series; 
two such series occur in the basal half of the needles. In Colorado 
blue spruce these series of short canals extend into the upper half 
of the needle, while the same does not hold for Engelmann spruce. 


The writer is indebted to Dr. H. P. BRown and Dr. W. M. Har- 
Low for helpful suggestions in preparing this paper. The receipt of 
material is gratefully acknowledged from Chief Ranger J. S. 
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A NEW SPECIES OF BIDENS FROM AFRICA 
EARL EDWARD SHERFF 


Bidens praecox sp. nov.—Herba erecta, gracilis, glabra, erecte 
ramosa, circ. 6 dm. alta, caule plus minusve tetragona. Folia tenui- 
ter petiolata petiolis saepe albido-hispidis +1 cm. longis, petiolo 
adjecto 4-7 cm. longa, 1~2-pinnata, segmentis ultimis valde mem- 
branaceis, nunc ovatis nunc rhomboideo-oblongis, breviter rotundo- 
dentatis et apicaliter rotundatis sed obsolete mucronulatis, acriter 
ciliatis, circ. 4-12 mm. latis. Capitula verisimiliter discoidea, ramu- 
los (pedunculos) acriter angulatos glabratos vel irregulariter hispidos 
usque ad circ. 8 cm. longos terminantia, ad anthesin minuta (veri- 
similiter circ. 5 mm. alta et circ. 4 mm. lata). Involucri glabri 
bracteae exteriores circ. 8, tergo 3-nervatae, sursum sensim dilata- 
tae, apicaliter subito rotundatae et obtusae vel rarius subacutae, 
eciliatae, demum etiam usque ad 4 mm. longae; interiores oblongo- 
lanceolatae apicaliter angustatae ac pulverulente pubescentes, de- 
mum circ. 8-g mm. longae. Achaenia praecocia, tenuiter clavato- 
linearia, obcompressa vel plana, deorsum sensim angustata, plum- 
beo-atra, glabra vel tuberculato-papillata, utraque facie nunc ele- 
ganter circ. 8-sulculata nunc subobsolete circ. 4-sulcata, 6—-7.5 mm. 
longa et circ. o.8-1.1 mm. lata, marginibus exalata, apice exaristata 
sed plus minusve incrassato-capitata vel crassiusculo-annulata, 
itaque sub apice plerumque plus minusve constricta, demum paleas 
oblongo-lineares hyalinas apicem acutum versus sensim angustatas 
dimidio superantia. 

Specimens examined: Dr. Walter Busse 2523, in sandy soil, sunny places in 


legume forest, Mayanga, District of Lindi, southeasternmost German East Af- 
rica, May 15, 1903 (type in Herb. Berl.). 


Florets both ray and disk are lacking on the type. The achenes 
had been well formed even on small, young heads, differing in this 
respect from those in ordinary species of Bidens. Moreover, the 
achenes are seen to have produced at their apex some sort of second- 
ary growth, this imparting a more or less capitate appearance. The 
Botanical Gazette, vol. 92] 
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growth in question is mostly o.5-o.8 the maximum width of the 
achenial body, and is variously truncate or protuberant, ovoid or 
subglobose, sometimes appearing faintly as if representing a rem- 
nant of the disk floret. The general habit is that of many annual 
species of Bidens, to which genus the species is apparently best 
referred for the present. 


CuicaGo NoRMAL COLLEGE 











CURRENT LITERATURE 


BOOK REVIEWS 
The question of tropisms 

The immediate responses of organisms to stimulating changes in their envi- 
ronment have claimed little attention from American investigators of plant 
physiology, and perhaps rightly so, since the interpretation of such phenomena 
is fraught with so much difficulty. The study of developmental responses under 
controlled conditions appeals to many as offering better opportunity for the 
advancement of knowledge of plant behavior. Possibly we have neglected im- 
mediate response physiology more than we should. At any rate, animal physiol- 
ogists and students of behaviorism have made up for some neglect on the plant 
side. 

A monograph by Rose! summarizes this field of physiology for both the 
plant and animal kingdoms. The first part deals with the experimental facts, 
the second with general theories. The experimental survey falls into two sec- 
tions, plant responses, and animal responses. The plant responses occupy 130 
pages, and include tactic responses, geotropism, phototropism, and other plant 
tropisms. The section on animal responses, 227 pages, considers phototropism, 
galvanotropism, geotropism, and other animal tropisms. The theoretical part 
discusses JENNINGS’ trial and error theory of response, LoEB’s mechanistic 
theory, which is critically examined, and tropisms and general culture. This 
final chapter deals with tropisms in the general physiology of organisms, rela- 
tion of tropisms to habits, instincts, development, immunity, etc., and their 
bearing on the problems of psychology and philosophy. Extensive bibliogra- 
phies have been compiled which will be valuable to any one seeking a broad in- 
troduction to the difficulties of this field, with its many unsolved problems.— 
C. A. SHULL. 

Revised edition of the Chicago textbook 

At the time of tie first appearance of Volume III of the Chicago textbook, 
twenty years ago, much surprise and not a little disappointment was expressed 
in many quarters that this, the first comprehensive textbook of plant ecology, 
should deal almost wholly, not with the ecology of vegetation but with the 
ecology of plants as individuals. The judgment of the author has been more than 
justified, however; for it has become increasingly evident, in the light of subse- 
quen* studies, that the structure and phenomena of vegetation can be satisfac- 
torily Mterpreted only in the light of a complete understanding of the structure 
and behavior of the plants which collectively go to make up the vegetation. 


* Rose, Maurice, La question des tropismes. 8vo. pp. vii+469. Les Presses Uni- 
versitaires de France. 1929. 
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The original publication, by CowLEs, has been thoroughly revised and brought 
up to date by FULLER.? As might be expected, not only have there been consid- 
erable alterations in the subject matter throughout, but a number of new topics 
have been introduced; such, for example, as transpiration and xeromorphic leaf 





: structure, life forms of stems and the biological spectra of RAUNKIAER, and 
4 photoperiodism. The brief chapter on plant associations, now “plant communi- 
} ties,’ has been considerably modified. But perhaps the most surprising feature, 
i in comparing the new with the old, is the comparatively small amount of altera- 
: tion which has been necessary in order to bring the text completely into accord 
: with modern ecological thought. Other books on plant ecology have been pub- 
; lished, but the present volume remains unique in focusing attention on the 
} ecological relations of plants as individuals—G. E. NicHots. 


Plant communities of the world 

A volume has recently appeared which is the outgrowth of an earlier publi- 
cation,4 in which the present author, collaborating with BROCKMANN-JEROSCH, 
proposed a classification of the plant. communities of the world based on physi- 
ognomy and ecological structure. The framework of the present treatment 
remains the same, with certain modifications of detail. Three principal vege- 
tation types are recognized, namely, /ignosa or woody vegetation, herbosa or 
herbaceous vegetation, and deserta or desert vegetation; with a fourth and some- 
what anomalous type, phytoplankton and phytoedaphon. Under lignosa are distin- 
guished seven formation classes (e.g., p/uviilignosa or rain woodland, aestilignosa 
or broadleaf deciduous woodland of temperate regions, hiemilignosa or broadleaf 
deciduous woodland of tropical and semi-tropical regions); and each of these in 
turn is divided into two or more formation groups (e.g., rain forest, rain scrub, 
etc.). As in the earlier work, concise descriptions are given of the various vegeta- 
tion types, formation classes, and formation groups; but the present work goes 
much further. Not only are these generalized descriptions amplified, with copi- 
ous data regarding climatic relations, etc., but descriptions are also given of the 
specific plant formations by which the larger vegetation units are represented in 
different parts of the world. The text is well organized and admirably written, 
in very readable German. It is profusely illustrated and accompanied by an 
excellent colored vegetation map. On the whole, RUBEL’s book is by far the 
most satisfactory general account of the earth’s vegetation that has yet been 
published.—G. E. NICHOLS. 


2 CouLTeER, J. M., Barnes, C. R., and Cow es, H. C., A textbook of botany 
Vol. III. Ecology. Revised and enlarged by G. D. Futter. 8vo. pp. x+4098. Figs 
541. American Book Co. New York. 1931. $2.80. 

3 RUBEL, E., Pflanzengesellschaften der Erde. 8vo. pp. viili+464. Figs. 242, map. 
Hans Hiiber. Bern-Berlin. 1930. 

4 BROCKMANN-JERoscH, H., and Riser, E., Die Einteilung der Pflanzengesell- 
schaften nach ékologisch-physiognomischen Gesichtspunkten. 8vo. pp. iv+72. Fig. 1. 
Wilhelm Engelmann. Leipzig. 1912. 
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Tree mycorhiza 

An English translations of a book which summarizes MELIN’s notable con- 
tributions to our knowledge of tree mycorhiza is most welcome. It puts in com- 
pact and available form a mass of information that has accumulated during the 
past two decades. The present day knowledge of the nature of the root fungi of 
trees is reviewed, the growth of root fungi in pure cultures is described, the 
methods used in growing sterile cultures of tree seedlings are noted, and the 
physiology of symbiosis of the fungi and trees discussed. There is also a con- 
sideration of the possibility of nitrogen assimilation by the fungi. Among the 
trees that have been studied by MELIN are Pinus silvestris, P. montana, Larix 
europea, and Picea abies; and notable among their fungal symbionts are Boletus 
badius, Boletus spp., Amanita muscaria, Lactarius deliciosus, Russula fragilis, and 
several species of Tricholoma. The value of the book is increased by the addition 
of a good bibliography.—G. D. FULLER. 


Glucosides 

The glucosides are widely distributed in plants, yet their functions are but 
poorly understood. DrETERLE* is the author of the second edition of VAN RIJN’s 
Chemical monograph of the plant glucosides, the first edition of which was pub- 
lished in 1900. In the second edition only the naturally occurring glucosides are 
included. An attempt is made to give an exhaustive treatment of the subject. 
The glucosides are arranged according to family, those of 92 plant families 
being considered. In so far as possible, there is included in regard to each 
glucoside information concerning methods of preparation, identification and 
synthesis; characteristics, formula, and physiological effects. The book is well 
supplied with references, these appearing as footnotes. It will be welcomed by 
botanists as a valuable reference book. It should also be of use to animal 
physiologists, medical investigators, and all workers interested in the medicinal 
uses of glucosides.—S. V. EATON. 

5 MELIN, Eras, Investigations of the significance of tree mycorrhiza: an ecological- 
physiological study. Translated from the German by PAUL W. STICKEL. pp. 173. 
Figs. 48. Mimeographed. Edwards Brothers. Ann Arbor, Michigan. 1930. 


van Ryn, J. J. L., Die Glykoside. 2d ed. by H. DIETERLE. pp. vit+-620. Gebriider 
Borntraeger. Berlin. 1931. 
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Classified entries will be found under Contributors and Reviews. New names and 
names of new genera and species are printed in bold-face type; synonyms in italics. 
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Acid injury of cotton roots 430, 436 

Address list of botanists, international 22 

Albrecht, W. A. 263 

Alpine plants in gardens 335 

Analysis, handbook of plant 332 

Anatomy, of normal and acid-injured cot- 
ton roots 436; of transition region of 
Pisum 367; of primary axis of Solanum 
407 

Andersen, Emma N. 66 

Ashby, E., translation of ‘‘Environment 
and plant development” 334 

Atkinson, G. F. 
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Bacterial plant pathogens 336 

Bananas, ripening effect of ethylene on 
337 

Bella Coola region, ecological survey of 
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Berkley, E. E. 85 
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Calcium in relation of ‘damping off’’ of 
soy bean seedlings 263 
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Chicago textbook, revised edition of Vol. 
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Chromosomes of Gasteria 45 

Cicatrization of foliage leaves 279 
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Cross, G. L. 210 
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“Damping off” of soy bean seedlings 263 
Daucus carota, gametophyte and embryo 
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Ecology, plant 112 

Elliott, Charlotte, ‘“Manual of bacterial 
plant pathogens” 336 

Embryo, of Daucus carota 23; of Os- 
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